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Shewing how to perform ſome ſele& Prop ofithet | 
' ons of Geometry 3 With the deſcription and ? 
making of a Quadrant , » by which any of. or- 
dinary capacity, by their own enduſtry, may 
(exadtly and ſpeedily ) find the Suns decli- 
' nation, Amplicude, Altitude, Azimuth 
and hour of the day.&c.at all times,and 
in all places, both by Sea and Land. 
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+ As alſo how to find the true heights, depths and 
| diſtances of Hills, Caſtles, Towers or Steeples,: 5 
whether acceſſible, or inacceſſible, without «of 
proaching the fame : Together with uſeful 
Inſtructions , for Water-Levels , Coal- 
- henghs, and Water-works, &c. And 
, how to draw an Horizontal Dial 


1 ; for any Latitude. 


| Firred for the i ingenious of all Ranks aud Profeſſions, whos! 

ther Military, or Civil : bur principally for Arrificers, | . 
Maſſons, Wrights, Surveyors of Lands or Buildings, * 
F Engiveers, Military Archirte&s, Gunners, Myners, 
{' and all other Students In the Mathemaricks. 
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' To the Reader. :* 


Eometry is ſo excellent a Science , that." 
there is no Precept or Rule therein, which. 
; may not be palpably proven by real De=' 

Z monſtration, to evince the Infallability thereof :.; 

in regard of which, it may juftly challenge ( as due ) * 

© the priority of other Sciences 3 for all ofher Arts, * 

muſt borrow their Demonſtrations, ( for Illuſtra=! 
tion of their (various) Hypotheſis ) from unden 

2 niable Geometry, This Art of Geometry | 

#bath properly its name from meaſuring the Earth, 
2andbad (alſo) its firſt Produfion 4nd Original 

kin Agypt; for when Nylus with kis inundation ; 
had drowned and confounded the limits of thellty 

Lands, then certain of the moſt ingenuous Inhidl 

Atants were neceſſitated to finde - out the Rules 

gy Geometry by kelp whereof, (after the fall of tim 

water ) every man had his own (exad) portion if) 
= land reflor'd to him again. From Fgypt it came; 
to Greece,. and ſo ſpreading it ſelf yver the Uni 
+ verle, it became more common. | * 

* But to'omit its Antiquity and Excellency, &cs 
& T ſhalt only fpeak (briefly ) of its Utility and Bene= 
» fite, which is ſuch, that ( I'm ſure) there's none. 
> (intelligent ) will deny it. For it's of ſuch finguler 
- Importance, in time of Peace, that without it, we 

+ cannot preſerve our ſelves from manifold4ncanves 
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# niencies, Prejudices and Dammages 2n: our ſeveral 
p ( of the moſt ingenious) Trads and Incorporationgg 
& 707 Can we redifie our Prior Irregutaritets, ( 


Ef ”: x Bo he Koaſer, © © 
; fuſions and Diſproportions, but by means there 


of: 

- And in time of War, (whither it be Offenſive F: 
L Defenſive, Forraign or Domeitick ) without it, it" 5% 
| 7mpoſible,eitber to ſecure our ſelves from Danger; 
or beat our Enemies. But by means of. Geometry, 
the Millitary Archite&t may fabricate hz Forte," 
W- after ſuch a Form, and decent Geometrical pros!. 
W portion, that ( all circumſtances duely weighed ): 
Tn force (viz. neither Battering, Storming, Wind! 
HP ror Water) ſhallreduce the defendants : Hunger; 
bj Cowardize- and Folly excepted. 1 
Ft Tea, by belp of it, the General may embattails, 
ER his Army in the moſt imaginable poſture of War," 
FÞ) either Offenſive or Deferiſive 3 The Engeneer mays, 


x fil Þis Execution, to the terrour and. diſadvantage 0 F 


4.tt Þis Enemy : The Navigator or skilful Skipper ca 
"I typific- bis various Traverlſes,. and demonſtrate thoſ 


Fe 


= compleat Dyaliſt can trace out the way.of the Sun 


if pon the. Earth, and by the ſhadow of an Axis, to: 


» $8-Point out Cunto us) tkoſe Atomes of. Time into' 
« which our Artificial day 3s (Artificially,) divided. 
Bt 1 4 word, there's no Trade or FunAion what ſo=; 
X i ever, that deſerves the Epithete of Ingenuity, but! 
requires aid of Geometry , neither do they Mans: 
wi nage and Praciice their Profeſſions without it, ( at, 
wt though themſelves be ignorant of it, ) which I could} 
j { ſufficiently evince in' every Handy-craft, were it not, 
8 that I love Brevity.. _ So of 


8 ' For the time would fail me to repeat its var y 
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. To the Reader. _ - "%» 
Uſes and Applications, and therefore T ſhall wil: * 
r+ lingly wave it, and come to ſpeak more particular- | 
5% Jy of the Book enſuing, which T ſeriouſly recommend | 
1% to your Peruſal, without any Complements for Ac- 
741” ceptation 3 becauſe, look what Proportion your Un- 
> derflanding and y qo bath to the things Con= 
| tdin'd therein: So much (and no more) will your © 
)© Acceptation and Approbation be therets. If you 
d+- Read and Praftice, what T have here written , you 
r3\. ſpall find the Operations infallible , though diverſly 4 

\: performed. Some are reſolved Geometrically by 4 
ili, Rule and Compaſſe only, without the aid of Arith= # 
i metick.: Others Inftfumentally, viz. by a Q'a- 


rye. drant, fitted for the purpoſe, (the making whereof, 
iT have ſufficiently demonſtrated in the Sequel ) 
Fi which requires the help of Arithmetick. I have 


$i been as plain as poſſibly I could both wayes, inſo- 
ſe much, that ( T ſuppoſe ) the moſt Tgnorant (for 
bs whoſe ſakes T principally intended it ) cannot but 
eh Underſtand and Praftice the ſame. A little diffi- 
mn. cult at firſt perhaps it may prove, but yet (as the | 
tg). diligent Hand makes rich, ſo) the frequent Read- 
2g, ing and Pratjizing will induce you to the knows ' 
1, ledge thereof. IR 
j=% And for your fooner Attainment thereto, T have 
et 70t only given you the ſeveral Precepts , but alſo | 
1+x C for better Illuſtration ) their reſpefive and par- | 
I ticular Demonſtrations, deduced from infallible 
1d principles of Geometry : So that not only Reaſon, 
1 but Common Senſe will confirm the Truth thereof, 
\ E what remains then ? but your Pradiice to prove dll. 
1 have been at a preat pains (eſpecially in cnfting 
"i tea 
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F- To the Reader. i 
the Typs, of which Art I was never taught ) bmi 
| take you all the Profit, for a ſmall Pratice. Surj 
JT am, the Ingeniow will; and for others , "ti 
not to be expected. Y 
However, IT am refolved ( maugre the powers of 
Mzlice and Envy ) to be helpful to my Country, 
in ſuch Mathematical Arts and Sciences, as] 
ns have ſpent my Studies about. Tf I hide my Ta 
a ents, I am not ignorant what became of that er« 
 v4rt that wrapped up his in a Napkin, and buriet 
wu. 2t in the Ground. I do ſeriouſly proteſt, that if | 
wy f-:/ at all, it's only in Power, not in Good-willy 
and I hope God will accept the Will for the Deed. * 
A few words more and T bave done, and that jj 
( for your better underſtanding of the Elements anlf 
Propoſitions of Geometry ) to Read and Pradiich 
often the firſt five or ſix Chapters, which being onc 
underſtood, the reft will become more Facile. Ant 
{aſily, if you meet with any Errata's of whatſoevdl 
nature, T mean, whither Literal, Syllabical, Dis 
onal, or Sententional , Irequeſt thy courteſie ti 
amend it with thy Pen, omitting all Cenſorious In 
zutations; for my only aim iri this Treatiſe, is i 
inftrud the Ignorant, who either loves, or defires ti 
be Taught, the knowſedge of theſe things. To whoy 
E 1wiſh ( dll.) profperous ſucceſſe in this , and a 
| - other honeſt Endeauvours : and for whoſe ſakes, 
| confeſſe my ſelf to remain a ſervant to all tl 
WM CTRUE) lovers of ART. | 
g | From my Houſe at thefoor of 
8  Nidries wind,neer the Irons 7 4. CORSH 
| Cannon, Fan 24, 1565, 2 
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# In, Ingenioſiſſimi ac eruditiſſi- 
$ mi amici Magiſtri Fac. Corſs, | 
% Mathematicorum obleQa- 
4 minum Enchiridium. 
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tica culmen 
? In te flat, Nec quo progrediatur, habet. 
 .. Digna quidem tanto, preconia dicere libro 
ut, Vix queo, O Patrii luxque decuſque ſolt. 
ice: Eft equidem Liber exiguws, quemque are Juventus 
1c Emere queque poteſt exiguo facile : | 
[ 
o 


Jl © - Tha bene perdufia ad ſummum Mathemas= 


! Sed non exiguum eſt quod continet ille profeG 3 

' Ingenii multumque utilitatis habet. 

as. At prodire novos hac tempeſtate libellos 

# FVidi equidem, qui nil utilitatis habent. . 

Im; Sed producuntur verborum ambagibus, & quos 
ft Legere, jafiura eft temporis indubie. | 

5 tf Tu tamen eft ſummo Celebrari dignus honore 3 

o8 Scripta Cun@orum qui uſibus apta facis. ; 
& Laws tibi debetur, quod tu Geometra profunde © ! 

ZE FHic varios, multa comperis arte, mbdos. | 

& V:ve igitur falix longos (C Jacobe) per anos ;- 

= Ac aliud, doGo peftore profer, ops.  * 

\. SS felix licet, uſque tnis decus, atque perennis . :; 

Fame, nos donec mittet in aftra dies.  \ 
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Mr. IOANNES MIELARM 


* 
0 
Foe 
From 
VVhor 1-2 on 
Can wee 
Light SEE þ 
More Cleare 
Tn our SPHERE 
Then from ourCor(s? 
Who doeth ITadoyſs 
ARTS noble and ſublime 
So plain inthis dar time « 
That he' who plegſes to beſto 
Some pains upon himſelf, To kno 
The MATWHEMATICK Miſteries: 
In LINEA and PERIPHERIES 
Let him,l ſay,that.hath ſuch a defire 
Be bold to come & read,a little ngh*y 
And Pry into this Booh. Init he'l find-. 
Variety, that ſhall Content HIS mind. 
 Andif HE Gain by this ( as I Doubt not ) 
. ” How my HE then, give Honour to our SCOT, 
| That after darkeſt Dayes, Urania hath brought in © 
To teach his Country equally, and thereby Glory win. 
Go on ddveSoal reſare more works:that our Pefteritie 
And after Ages , may with joy; Honour thy Memorie, 
Then may our Caledonia boaſt, that from her Boſom's flown 
The Peerleſs Naper && our Corſs,with Bayes deſerves aCrown 
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& > A Pyramide Erefted and Dedicate in ho- $ 

t nour of his very worthy friend, = 
Mr. Fames Corſs Mathematician, Author * 
of this Pradical Geometry, &Cc. j 


' By Fohn Hammiltoun,a lover of the Mathematicks. ho | 
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JUpon my much honoured and 
F ingenious Fried F AMES CORSS | 
_ Mathematician , his Geo. PraGica. 


* Oſt famons Corſs, I freely muſt confeſſe 
'V That Fancie finds a check from an Exceſs 
%Of thy great Merits, which none can rehearſe 

' *An matter fit for Chronicle , not Verſe. 
| Who beſt do write thy Praiſe, will only leave 
A Charader of all he could conceave. | 
"But none cf thee ; for in a word thou's one 
.2:Whole worth is far beyond our Horizon ; 
2] need not then attempt thy Praiſe, who's fam'd 
#So by thy Forks,that thou art praif'd whennam'd. 
yy - Mr. FOHN MILLAR. 


An Acroſtick upon my truely 


# Friend, Mr. F AMES CORSS Mathe- 
matician, Author of this Pra@. Geom:. 


{ ÞP- 

137 AMES, there's no Poetry can ſpeak thy Praiſe 
434 $ thy own Works do ; They thy glory raiſe 
Þ2M ore highly then the Myſes can : Should 1 L 


PRE ndeavour it then? No, for none ſhall ſpy 
| o muci as one, that will thee praiſe deny. 


EC ORSS,thy rare Book, ſhews diftance,length and - 
&0 1 His and Mountains,8 all obje&s right (height 
T3. cmote from us : Nay, morethen that, Iſee Y 
2&8 uci ſtrange effets, wrought by thy Geometrie | 
k hal blaze thy name,& with Bayes crown'd ſhal be. ) * 
"y; THOMAS MACKkCONYT. |; 


Upon my Honoured Friend, 
Mr. Fames Corſs the Au- - 
thor hereof. 


nh Ec Daft ly dead, Let Divine ſparks aſpire 
h To meaſure out the total Magnitude, 
Wn; Buc who can Meaſure, all mens full deſire ? 
#7 Or Number it in final Multitude ? | 

fl; What Quantity can fatiate thy minde? 

i What Quality can fatisfie thy will ? 


*; To what Dumenſon is thy mind confin'd ? 

8 - What Multitude, (its Amplitude) can fill? 

Jn this thy Book thou mak*ſt thy Recreation 

$# Geometry , exadtly to define ET 

= By dextruow ART, and real Demonſtration, 

WW Engraving Types, to make thy AR T'to ſhine; : 

3 Thou Cz#ts,thou Carves; Thou fpares no time nor 

= Thy Gifts and Parts,thou freely do's emplyy (pains 
F To profit others, with thy profound ſtrains ( 

& ( Ifall ſhould fail ) thou do's thy (elf enjoy. 


ALEXANDER AUCHMUTIE' 
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a lover ofthe Mathematicks, '}* 
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The Contents. 
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CHAPTER L 


\Ontaining 4 ſhort Explanation of the Ter? 
of Geometry. Pa 
Chap. 2. To draw a Paralle! Line , to an: 
Line given, at any diſtance required. 7: 
©- Chap. 3. To raiſe a Perpendicular Line 957 toe : 


 _ endof a Line given. 2. 0 
” Chap. 4. To raiſe a Perpendicular Line, from .. 
middls of a Line given. P. 4G 


+ Chap. 5. To /et a Perpendicular fall from a point 
wn point aſſigned, unto the middle of a line given. 
15 C3. 2 
; , Chap. 6. How to make a Line of Chords Ms and. : 
4: equal parts. P. 13 3 
+ Chap. 7. To'make an Angle. containing any De= 

” grees aſſivn'd: Or to meaſure the deprees £4 any 


EY Angle made. 

'/- Chap. 8. To finde the Altitude of the Sun, by y thi. | 

 Jaddow of a Staffe , or any other Gnomon., | 
p.16} 


Chap..3 F 


" 


The Contents, 


Chap. 9. Shhewing the Latitude of the moſt Prin 
| cipal Cities, and Towns in Scotland, England, 
and. Ireland. P. 17 


Chap. 10. To projed the Sphere in Plano, fir any 
Latitude. P. 20 
Chap. 11. To draw an Horizontal Dyall for any 
Latitude > or place of the Earth whatſoever. 
P. 23. 

Chap. 12. To find the Hour and minut of the 4 
in any part of the World, Geometrically with- 


ears 


out Inſtrument. P. 29 
Chap. 13. To finde the Suns Azimuth Geome: 
erically. P. 31 


Chap. 14- How to finde the true (Perpendicular) 
 heighth of a Hill, Caſtle, or Tower , that is Ac« 
ceſfible, or Inacceſſ ible, without any Inſtrument: 
P- 34 

Chap. 15. Shewing how to find the exa& length, 
or diftance to any Mark or Objed, that's viſibl: 

on the Land, bee it never ſo far, and that with- 
out Inſtrument. P. 37: 
Chap. 16. Containing a Succind Deſcription o 
the Geometrical ©uzdrant, and of the mani: 
fold uſes thereof. P. 40 
Chap. 17. To finde the Suns Declination with In-. 
ftrument, and without Inſtrument. Pp. 41 
Chap. 18. To finde the Suns Amplitude with, ani 
without Inſtrument. P. 46 
| Chap. 19. To find the Suns heighth i in the er | 
cal 


The Contents. 


call Circle , with, and without Inflrument, 
P- 48 

Chap. 20. To find the Suns Altitude, or Depreſ 
fion, at the Hour of Six, with , and without In= 
ſtrament-; P. 50. 
Chap. 21. To finde the Suns Azimuth, by the 
Duadrant. | P.5E 
Chap. 22. To finde the Hour of the Day by the. 
Duadrant. P- 54 
Chap. 23. To finde the Declination of any Wall, 
or Plane, by the Quadrant. P. 57 
Chap. 24. To finde the exa& heighth of a Hill} 
Tower, Caſtle, or Steeple, that is Indcceſſible s 
by the Dnadrant. P- 63 
Chap. 25. To finde the exa# diſtance to the Per= 
pendicular Baſe, and Top of any higy Hill, 
Caſtle, or Tower , by the Geometrical Qua 
drant. P- 69, 
Chap. 26. To know exdiily how far any Ship 
Mark , or other Objed, is diſtant from you : 
Tour ſelf ftanding on ſome high Tower, Caſtle, 
or Hill, by the Sea-Coaſft. P. 72 
Chap. 27. To finde the diſtance to any viſibl, 
Mark or Obje& in the Field, both Geometri 
call, Arithmetically , and according to Tri 


P- 76: 


SPL. — 
Chap. 28. To know what part of the externa 
\ Superficies of a Hill-fide, #s Level with the 
bottome of a Coal-heugh , or Stone Buarrell, 
that is digg'd thereon, P- 83; 
Chap 
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Chap. 29. - To finde the Suns Axinanth, and bod 
of the day moſt exafly , eaſily and Artific 
ally wit nout any Inſtrument : Otberwiſe tha 6 

3s taught in the.12, 13,. 21 and 22 Chap. * 

—_ 7 P. 39 + 

"Chap. 30. How to: Condut Water from any 
Spring or Fountain , to any Place , and to 
find the difference of Levells. P. 93*- 

.Chap. 31. How to mtke Water in a Heugh or. 
Pit continually to aſcend ( by means of a Ci-- 
ſtern only ) ithent ſtrength or the help of . 
Buckets or Pumps. Pp. 96" 
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J\ CHAPTER L 


Containing a ſhort Explanation of the terms 
- Geometry. 


mention ſome Geometrical Terms. 
Q d which cannor properly be omitted 1 
U Y in the Sequel ; and leſt they ſhould * 
D Je prove either dark or difficult to the : 
ag Readers underſtanding , therefore L 
 - adjudge it neceſſary in the firſt place, | 
” to make a ſhort explanation of them; that thereby the | 
- ignorant and nnlearned ( for whoſe ſakes this is prin- / 
; Cipally intended ) may (with the greater facility ) | 
* artainto a perfe@ knowledge , of the whole Geomes- ! 
trical PraQices contain'd therein. 4 

' Firſt therefore, A Point or Prick is that which is the | 
£- leaſt of all Materials, as being void of length, breadth j 
= anddepth,having neither part nor quzntity(expreſſible * 
= in mh » ) and therefore it admits of no wi” 
us 


kd —_ 
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2. A Line isa thing extending it ſelf in length, with* 
out breadth or thickneſle, ( whether it be a ſtreigh! 
| Line or crooked) and (in reſpeR of its length) mg 
| 
| 


2 Prafical Geometry. J 
f bur that which i is mentall onely. This point or pr; 
CIs repreſented unto you by the letter A. : Fe 
| 


- be devided i into parts, but will admit of no other Devi 
ſion, bur into Lengths only, as is ſet forth unto. you bi; 


the Line A B, the extreams whereof i 1S A and B, Ye 
As —_ rms mmm =} 


[ 2, An Angle, 15 nothing elſe but the meeting of tw. 
AS! lines, in atiy ſort, that they make. 
both nor one line. As here in 
this example, ſuppoſe the ling: 
I H, andL H, robe fo drawn, a 
L they. may both meet in the poin . 
H, ſo ſhall the point H be thy 
angle included between the twi/: 
lines, as, IHL.. ; 
4. Ifa right line fall on a right, 
line, making the afgles on ciche. 
ſide equal ; each of thoſe angle} 
are called right angles, and tht 
Ive B line erccted, is called a Perpendi. 
| cular line unto the other, As fot 
Example, the line N M, here in this Figure, falling up 
on the line, K B in ſuch ſort , that the angles on both 
If - 1ides are thereby made equal, as: here you ſee, and; 
| therefore they are cajled righc angles, or more vulgar 
ſquare angles. 
5. A Perpendicular line, is that which ſtands plum X 
| upright upon Cor from) another line, without leaning 
-. or inclining ro one ſide, more then to the other, as. yo 
- may ſec in the former figure, where the line N M 


Pratlical Geometry. 3 
yerdendicular unto the line K M B,making Square 


angles in the point M. 
is 6. A Triangle, 15 the interſe- 


gion of three ficeighr lines , ſo = 
ng as they have three angles made 
vj thereby; As for example, in this 
Ly figure A B C. the three fides, viz. 
AB, AC and BC are all Tight 
-f lines, and ſo drawn, as they make B | 
x1 the three angles, viz A, B, and C. and here note, that ©: 
ke an angle 15 uſually deſcribed by three letters, of which _ 
jz_* three, the ſecond or midle letter,alwayes repreſents the 
&: angle intended. 
2 7. A Circle is a moſt perfeR figure, circumſcribed 
n . with a line, which is called the Circumference thereof, 
w as in the figure following, the very ring HFE BIL 1s 
1. called the Circumference of that Circle, : 
8. The Center of a Circle, 
4. 1s that point which is in the 
q midſt thereof ; fram which 
u poinr, all right lines drawn to 
. 
k 
"_ 


- the Circumference are equal, 
' as you may ſee in this figure, 
* Wwherethe point A, repreſents 
,. the Center, which is the very 
j middle point, apon, and by 
Y which the circumference H F 
| E BIL was drawn. 
* _ 9, The Diameter of a Circle; is a ſtreighr line irawn 
? through the Center of a Circle, ſoas it may divide the * 
F, Whole Circle into two” equal parts: As here in this / 
example, you may ſee the lines HAI, or EAL, ei- 
+ ther of which is the Dlameter of the Circle H FEBIL, p 
| becauſe 2 


|; & 
; 

4 

- 

'T, 


" divides the whole Circle H EI L,inro two equal Pat r | 


tity of a Circle, which is leſſe then a ſemicircle. 
for example, in the former figure HEIL, you mal 


Pradiical Geometry. " 
becauſe both of them paſſeth through the Center A;; 


10, The Semidiameter (or Radius) ofa Circle, is1 A 
thing elſe bar. the juſt half of the Diameter, and is co 
rain'd betwixt the Center , and the one fide of 15 
Circle, a5 the lines ATI, or 'A E, or AH, or AL, yy. 
either' of them the Semidiameters (or Radius) of t 
Circle HEI L. 

II. A Semicircle is the one half of a Circle, beig 

. drawn upon his Diameter, ay. 
is contain'd upon the ſuperh - 
cies or ſurface of the Diametet. 
As for example, in the forme 
diagram, the ſemi-circle HEI 
R !5 the juſt half of che Circh. 

HEIL, and 15 contain if abou 
the Diameter HAT, as aforeſaid. 

I2, A Qxadrant js the fourth part of the Circle: A 
for example , when through the Center A, you draf 
the Diameter HA'F, it divides the whole Circle jny 
two cqual parts, then from the ſaids Center A, If yq 
raiſe the Perpendicylar AE (as afterwards I ſha} 


8 ſhew- you } fo, as to fUivide the ſemi-circle H ET, 'N 

% HET, into two equal parts : Then will LAE, EA 

.HAL, ol; LAT be either of them Quadrants, or the * 
fourth part of the Circle H EI L, 

js any qa 


13, A Segment (or part) of a Circle, 


ſee that FEBRK is a ſegment or part of the Cireg# 


© 
A Parallel line, is a line drawn by the fide 
anothe 
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L-other line in ſuch ſort, as that the one line may be 


| 
| 


.K 1rallels, there is commonly uſed theſe two ſorts, viz, 


i lines Band C. 


-quidiſtanr ro the other line, in all places : of ſuch 


a right lined parallel, and a. circular parallel. . 
oy 15, Right-lin'd Parallels, are two ſtreightr lines, ſo 
Ydrawn, as they are e<quidiſtanr in all places one from 
q the other, ſo that althongh they were infinitly exten» 
ded, yet .could neyer meet as may be ſeen by the 
.16, A circular B 
Parallel , 1s a 


circle drawn C1- 


© ther within or C 
without another circle, 


*- upon one and the ſame 


Center, asS1s ſeen by the 
+. ewo circles, viz, HFIL, 
# and BCDE, being both . 


> drawn upon the ſame 


- Center A, and therefore 
' are parallel the one to | 


”.. the other. 


' _ 17, All Circles what- 

* ſoever (. whether great 

/ .or ſmall ) are devided in- - 
ro 360 equal parts;. each 


* circle contains 180, and the Quadrant 90. degrees, £ 


- ... 18, |Every: degree contains, 60 minutes, being undex= | 
17 ſtood of meaſure ; Bur in time, the whole day and. | 
; night (or from noon this day, to noon the morrow) 


contains 24 hours , cyery hour contains 15 degrees, 


A 


* of thoſe parts is called a Degree of which , the ſemi- | 


B every | 
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| every degree contains 6o minuts, every minutt 6o fg 
conds, &c. utito tenths. fa 

19. The Baſe of any thing , is that part of a Houſe 
Tower, or Caftle which is moſt inferioar , I meay 
which ſtands even off and on with the ground, where 
on you ſtand, _- S 

20. The Perpendicular altitude of a Hill, Caſtle, oþ 
Tower, (Fc. is nothing elſe but the height or diſtance 
between the forſaids baſe, and the top of the ſai 
Caſtles, Towres or Hills, &c. being meaſured ( as 
were) with a Plumb-line or ſtring. a 
21» The AHypothenuſal line , 1s a line afcending flop» 

wayes from your eye, (or any part of the baſe) unt 
the very top of a Hill or Tower, &c. 

22, Your Stations, 1s the place where you mak 
your ſtand; when you obſerye with your Quadrant,&y; 
| for finding the height of any place : But the ſtationary” 
| diftances, is the diſtance between your rwo ſtations, a 
| between” one of your ſtations and the foot or baſe d* 
the Tower, &c. Ls i; 
23. Theſeftationary diſtances, muft alwayes be ey 
atly meaſured by a card or ſtring, that thereby yot* 
may know how many Paces, Els or Foots it is betweel: 
the ſaidSſtations + And heremote, thar in finding 
of heights aftfd diſtances either with, or without Inftri wo 
ment, let alwayes your ſtatibnary diſtances be large: 
as occaſion and'conveniency\will permit; for the grew 
It ter thefzids tiſtznace &, the truer will your work b&; 
| ; Yet Tor | tho gr exe neither; only ufe a Mean berwi tt 
{ both, with Uſcretion, } _ 
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© 24. The Quantity or mea- 
- ſure of an angle 15 the num+« 
& ber of degrees contained in 
the arch of a circle, (deſcrib- 
ed from the point of the ſame 
j angle) and intercepted be- 
rween the two ſides of that 
- angle ; As for example, The 
meaſure of the angle VAI 
is the number of degrees con- 
. tained in the arch VI, which -ſubtendeth the Angle A. 
+ And in this example, the angle V A I contains 53 deg. 
q 15 min. TT 
25, The Complement of an 
+ arch leſſe, then a Quadrant, 
% 15 ſo much as that arch wants 
*. of go degrees. As for ex-_ 
* ample, ſuppoſe the arch LV 
> to be $6 degrees, this ſub- 
*> ſtrated from (LW) go de- 
Go grees, leayeth V W for the complement thereof, which 
%. 15 34 degrees, But the complement of an arch leſſe ; 
i then a ſemicircle, is (inlike manner) ſo mnch as that? 
*” arch wants of a ſemicircle (or 180 degrees.) As fod I 
= example, ſuppoſe the arch LW V to be124 degrees, 
1 this ſubſtrated from (IWVL) 180 degrees, rt 
& LY 56 degrees for the complement thereof, 
% 26. Provide a pair of handſome Brafle Compaſſes; . 
4-7 with a Rule made of Pear-tree, Boxwood, or Plain- | k 
3 tree, oc. let itbe well plain; :d and juſtly ſeem'd on ' 
'S both fides, and then you are in readineſſe to prheiny ; 
= the Geometrical concluſions following. 
Laſtly, Before you proceed, read over this Chapter” | 
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| wo or three times ; for although I have been as plain 
therein as I can for your more cafie conception, yet its; 


your diligett and frequent reading that will onely' 
bring you to the perfeR knowledge thereof, | 


CCLIPIEINT APES BASS L%.4 at 


—— 


4. QAM. 14 | 
Fl To draw a Parallel line, to any other line [ 
{ gen, at any diftance required. P, 
CO ppoſe the line given to be H A, unto which line) 

It 15 required to draw a parallel line, Todo this, 
open your Cotnpaſſes to the diftance required, and ſer 
one foor on the end H, and with the other make a 


- arch on that ſide of the given line, whereunto the pai 
F rallel is tobe drawn, as thearch line Y , this done! 
if draw the like arch (with the ſame wideneſſe of yout 
| Compaſſes ) apon the end A, and by the convexity of 
Rl. theſe rwo arches, viz, V and1l, draw the line VI 
# which ſhall be parallel to the given line H A, as was 
t required. , 


CHAP! 


e 
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CHAP. III. 


To raiſe a Perpendicular line upon the end 
of a line given. 


'Er the line givenbe A B, upon the end of which 
line as at B, the perpendicular 1s to be raiſed, 


| Firſt , ' opeh your Compaſſes unto aby convenient di- 


1 
| 
[2 


; 


F 


= one foot of your \ 


fiance, as here I ſuppoſe tro be the diſtance E B, then 
ſerting one foot of your Compaſſes in the poinr B, and 
' with the other deſcribe the arch E FH, and with the 


ſame widneſs ſet K 4s L, F 


| De Compaſſes in the 


© poinrE,and with 2 
& the other foot, 


make a mark in 
the former arch 
EF as at F, 10 
Then ſetting one 


8 foortin F, with 


the ſame wide- | 

nefſle of yoar®? 
Compaſſcs, de- E B ; 
ſcribe the arch I over the given point B, Laſtly, Lay | 
your Rule npon the two points E and F, ſee where it - 
croſeth the arch I , which will beat I, from which 
point I, to the given point B, draw the line TB, which 
ſhall be a perpendicular line raiſed from the end of the | 
given line A B, as was required. 
 Otherwayes, to make a: right angle, or to raiſe a_ 
perpendicular ſpeedily, do this : Draw the line NL, 
and opening your Compaſſes to any little diſtance or 
widenefſe, ; 
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${! wideneſſe, begin at N, and number from thence five g 

| thoſe equal parts, as here you ſee done, then openin; \ 
[M1 your Compaſſes to three, of theſe parts, ſet one foot j in” 
Wt! N, with the other draw an ocuſtarch towards KR, 
if! Laſtly, Open your Compaſſes to four of thoſe parts, 
Iif}} and ſetting 6ne foot in L , with the other foot draw' 
m1 another ocult arch till ir cur the former arch, whi 
Wi WH be in the point K : Then draw the lines K L and 
#1} KN, ſo ſhall the one of them be a perpendicular unta-' 
the other, and the angle NKL a right angle, that jy 
to ſay,a Square; for either of theſe wayes may Maſſong; 
and Wrights Squares be tried and juſted, becauſe theſe; 
Geometrical projetions which I have now ſhown you, 


1s the very root from whence all (their) Squares have 
their beginning, 


x 
c— roy | 


CHAP, 1V. | 
T6 raiſe d Perpendicular line, from the. ' 
4 middle of a line given. : 


Ne Gia line givet-t&be &B,-and ler L bee * 
k point therein, whereon it js*required ro raiſe;} 
Fa perpendicular. . Firſt therefore, Open your. 
© | Compaſſes to any conyenient diſtance, and ſo ſet-/ 
{ ting one foot.in the point L, with the other foot make, 
| a mark oh either fide thereof, as. A and B, which are, 
i equally: diſtant from the point L :. Then open Youry 
$ | Compaſſes again to any convenient. wider diſtance, ang 
i | ſer one. foot i in the point A; and withehe other defcribe; 
| the arch.W.  In-like manner, with the-ſame wideneſs, 
| {feron one foot 1a the point. B NB and with the other draw. 
\hny ro the, 


z 
= EETUTIn 9 or SI OITEEIWERS 


> - 
OO I 


| Pradical Geometry. 
"© | the arch. V, 
"OFF eill it cut the 


un” - - 
March W, in 


from which 
point I, to 
- the point L, 
draw the line 
F IL, which 
"1 line isa per- 
ns" pendicular A bo 

le unto the gi- 
uv, yenline A B, as was required, ; 
Ve That.excellent and uſeful Inſtrument which is fre- 
- quently uſed both by ' Maſſons and Wrights, called 
+: the Level, hath its root and derivation from this Geo. 
% metrical demonſtration , and by this means may they 
'{ betryed, and juſted, and correQed too, when neceſſi- 
ty requires It, | 


d . 
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CHAP. V.. - 
Jo let a Perpendicular fall from:a point aſſigned, 
unto the middle of a line given. 


CUppoſe the line given whereon you .-wonld have .a 

 petpendicnar line let fall, be the line;BIH, antler 
the point afſign'd be A, from whence you, would have 
2 perpendieular line let fall, upon the given JineB IH; 
To do-which : Firſt; :Sct-one; foot of..yoar Compaſlſe, 
1m thepoint A, .and opening your .Campaſſes ro ata 
conyenicnt diftance,ſo that ir be more then the diſtanc 


ATI 


MN 
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Wo 


SR Ho AI, and ag 
E ſcribe an are 


40hy8 | of a circle ſo# 
{Ill | that it may 
Vl cut the giver 
4. line BIy 
wilt! twice, that 
il | at V and L: 


11 This done, de 
Wh -- Gs vide the d& 


144 1 ; S | m_—_ "H ſtance VL it 
{Ml Dl —L to tWO equi 


parts, the midſt 15 I, from which point I, to the af-. 
ign'd point A, draw the. line AT, which 15 the. 
"þ Perpendicular that was to beler fall from the aſſign'd*: 
i Point A, unto the middle of the given line BI H, as, 
ill Was required. | 
i} This conclufion is often in praQice amongſt Maſ.| 
j ſons, Wrights, Patnters, Gardiners and Mathemarict- | 
) ans, Who are frequently confun'd to a certain point, |. 
from whence a perpendicular muſt iſſue ro ſome part 
x of a line, which is oppoſite to the (aids given point : | 
# which part, in the ſaids oppoſſ ite line, is difficult and | 
| doubtful 'to qbtain, until found: our as I haye her&' 
| ſhewn you. | 
W Thus I have ſhewn you the meaning of the moſt uſu- | 
© all ( and frequently the moſt difficult) terms of Geq- | 
& metry, 'with the drawing of paralle] lines, raifing and; 
I letting fall, of perpendiculars from the end; or any. 
Wi part of a line, and from a point,aſſign'd, to the.end or | 
riddle of another line : which heing well underſtood. 4 
and _ will not only be a ſufficient introdudi- 
 .» OB þ 


f 


PraGical Geometry. ? 13” | 
4 Dn to your farther procedour into Other Arts Mathe- 


TE matical, but alſo you will more eaſily conceive the rea« - | 
i gon and demonſtration of thoſe things which follow. 


——_  W* Het 2 
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CHAP. VI. 
How to make a line of Chords and 
equal. parts. 


is | Fi draw a ſtreighrt line , as LFA, then opening 
your Compaſſes to any convenient diſtance, upon 
yy the center F, deſcribe the femicircle LIA, which 
e.. deyided into two equal parts, or Quadrans, by the 
at | 


, : , 
LOT 
i . 


; O Yo Jo 40 oO © 70 Vo yo AQ | 
: pofnt T, then deviding one of theſe Quadrants, asLE1 
Into 90 equal parts or degrees, as here you ſee the 
Quadrant LE I. | 
This done, ſer one foot of your Compaſſes inte the .. 
poine L, and extend the other to each degree of the 

| Quadrant LEI, and theſe extents transfer into 


| the 
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Witt! the line LFA, as you ſee here done, And this tþ 
LF A, ſodevided into go unequal parts,from the pai 
L, (and numbred with 1o, 20, 3o, 4o, (Fc. unto go 
1s called a line of Chords . which may be taken al 
placed on a Rule, as here you ſee js done, This chart 
Ui { lineijsin uſe to meaſure any part or arch of a circle 
lt þ not ſurmounting go degrees, the number of theſe dg 
Will grees, viz. from x unto 6o, is called the Radius d: 
Myr the line of Chords, upon which diſtance, all circles ar 
Witt to be drawn, whereupon 6o of theſe degrees are thj, 
i" fetnidiameter of any circle, that is drawn upon the: 
Wi Radins. As here you may perceive , that when ya 

| 
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open your Compaſſes unto 60 degrees In the Quadratt! 
LEI, andtransfers it into the line LF A, that it will 
light upon the center F, whereby it doth plainly ap 
ij Pear, that 6> of theſe degrees, are equal to the Sem. 
i} diameter of the ſame circle, and conſequently is the 
Radius upon which all circles are drawn, Here note; 
that alchongh T have made the Radius of the line i 
Chords LF here in this projedtion , not above two. 
; Jaches: Yet when you proje& or make a line of chord 
- 'for your own uſe, ir were beſt to make the ſaids 
- dius LF, at leaſt four or five Inches long. | 
The line of equal parts, is onely a ſtreight line d& 
vided into Inches, each Inch being ſub-devided into. 
To, 12 Or 16 equal parts, and numbred ejther wit! 
{ 1,2, 3, (9c. or with 10, 20, 30,Gc. which line ſo des 

{| vided equally, and numbred as aforeſaid, is calledo$ 
W-tinc of equal parts, and 'may ſerye for ordinary 
*% meaſure, | F 
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Praftical Geomeiry. is 
Both theſe lines, v?z,. of Chords and Equal Parts, 
Way be placed upon a Rule,as here you ſee done, where 
ofthe letrers FH repreſents the line of Chords, and A E 
a The line of Equal Parts. 
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5 CHAP. VII. 


%. To make an. Angle containing any Degrees 
aſſien'd : Or to meaſure the degrees of 
any Angle made; 


Ou may make an Angle of any quantity. ſpeedily 


| with your Rule anq Compaſſe, thus. Open your. 
: Compaſſes ro the Ra- 


C 


OY ; Chords, and ſetting 
%- one foot thereof in 
+ the point A, with 
the other foot de- 
ſcribe the arch BC: 
Then draw the line 
AB, and ſo opening "mn 
your Corapaſſes to p : os, © A F 
ſo many degres up- o_ n_—" 
on your line of Chords, as you would haye your Angle. | 


ww 
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ro contain , which here we ſhall ſuppoſe to be 56 J& 
grees. With which diftance, ſerring one foot in Rk 
with the other make a mark jn the arch B C, as at CY 
from which point C, draw the line C A, which 
| make the angle BAC, containing $6 degrees, as wat 
required, 
Now, when any Anple 1s made to find the degrees | 
Ml | and minuts thereof. Firſt, Open your Compaſſes tq. 
hf; the Radius of your line of Chards, and ſecting one foo, 
i thereofin the point A, with the other deſcribe the 
in! arch BC. Then taking the diſtance berwixt Band C; 
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iti] and apply it unto the line of Chords, and there it will 
vi | ſhew you the number of degrees contain'd in thay” 
Wi Angle, which here will be found to be 56 degrees, ab, 
was required. 


mmm 
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CHAP. VIIL F 


To find the Altitude of the Sun, by the ſnaddow:. 
of a Staffe, or any other Gnomon. 


Fiſt, draw the line A F, and ſo opening your Come] 
paſſes to the Radius of your line of Chords (which! 
E| Is | 446 60 degrees _) ſetting one foor in the end A,. 

|| with the other deſcribe the arch FKB : Then open-) 
\| ing your Compaſſes unto the whole 90 degrees, with\ 
q one foot in v, with the other make a mark i In the arch. 

LL FKB, in the point B, from which point B, draw the. 
+ line A B, which ſhall be perpendicular unto the line, | 
1AF, and make the Quadrant A F HKB, 


Then l 


Praciical Gedmetry* 
Then ſuppoſe the 
Scngth of your Stafe, 
A. dr Gnomon (yceld- 
FAng ſhaddow) to be 
Wen foot: Therefore 

-take ten of your e- | | 
<q cual devifions or / 
to parts, from your line 
0X of equal parts, and 
the*fer from A to L, and A 

GC fo draw the line H L F | — 

UE paral leltoAF, Then ſuppoſe the length of the ſhad- 
lap” dow to be eight foot, therefore I rake eight of the 
5. ſameequal parts, and ſets from Lto I, by which point 

'I, draw the line K TA, from the Center A, through 

+ the point I, nntil it cut thearch F K B, in the point KR, 
"* ſo ſhall the arch F K,be the Alticude of the Sun defired, 

* which in this example will be 53 deg, 20 mill. aSwas | 
.- required, The Suns altitude may be found with more 
4, facilicy, with the Geometrical Quadrant, thus. Hold 
-- up your Quadrant to the Sun, the Threed and P{um- © 

" met having their free!courſe, gc. See Uranof. cap. 26- | 
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CHAP. IX. 


Shewing the Latitude of the moſt Principal Cities, 
and Towns in Scotland, England, and Ireland: 


: £- WO — _ 
- 


PReEfore we make any farther progrefle, I hold it ne- 

ceſlary and expedient (for the readers more facile : 
underſtanding of the ſequel ) to demenſirate ; whas: 
the latitude of a place is : and therefore, briefly ;. 


ww. _ 
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The latiude of a Countrey, City, Town, or place 4 
arch of the Meridian Circle, included between” t 
Horizon and the Pole 3 or iris the diſtance betwee 
the Zenith of any Countrey, City, &c. and the Eq 
nodtjal. Y 
The meaning whereof 15 this, look how many « b | 
IM grees and minuts the North Pole js raiſed above th 
{| - Horizon (or levell) of atiy place ; ſouth js the tf 
tude thereof. 
l As for Example, 1n the following Table, over againff 
oft the City of London, you ſee 51 32, viz. 51 degrees 3t;. 
Wi minuts, that is to ſay ; The latitude 'Tor heighth of. 
the North Pole aboye the Horizon ) of London is Tl 
Wt degrecs 32 minuts, G 
We In like manner, the Jatirude of Edinburgh is $6 degs 
ll! 4 min, The latitude of Dubin is 53 deg. 11 min, And| 
i the latitnde of Innerneſſe is 58 deg. $5 min. as the 
it} Table demonſtrats. Thoſe that deſires to know th 
I} latitude of any place whereyer they come, will find 
js the way ro do it, inthe 28 chap, of my Uraneſcopia) 
IF-to which I refer them. 
I have here given you a Table, which ſhews you the 
81 latirude of the moſt principal Cities and Towns, in 


great Britain, and Ireland: exaftly regified for the 
| or Towns, where it ſhall happen you to remain, yort 
| 
| 


reſpe&ive places therein contain'd : in which Cities 
i geed for f; unteſſe for corre&ion or Confirmation ] 
tronkle your (clf ro ſearch for the [atirude thereof, but 
xo take the ſame as it is here expreſt. Bur if you. 
dide jn a place which js not herein contain'd , then 
j look what City or Town in the Table lyes nearcſt to 
| the place of your abode, and call the latirude of that 
Ciry or Town, the latitude of your mow So that if 
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{5&1 were to make an Horizontal Sun-dyal, or to pro- * 
n" Ge& an oblique Sphere, 8c. to the ſaids place of your 
wedabode, you may do it (according as I have ſhewn you 
Eqn the rwo following Chapters ) for the latirude of 
7 tharCity or Town, which you find (in this Table) to © 
{be neareſt to the place of your reſidence which will . 
occaſion little difference, or (at moſt) be an error al- 8 
ack together inſenſible, 


inf ————__————_ 
IN The Latitude of 


of. deg. min. 


tt S. Andrews $6 26 | Dundee 
3. Aberdeen 57 35 | Dunnoter 
56 49 | Derby 
56 04 | Dublin 
55 49 | Edinburgh 
GI 32 Elgin 
"|. 52 18 | Falkirk 

+ Bruntiland © 56 11 | Glaſoow 
+ Cambridge 52 17\ Hereford 
Coventry 52 30| Halifax 
'® Colcheſter 52 O8S| Hwall 

1 Carlile 43 | Hadington 
hk 28 | Hamilton 
' II, Irewin 
II | Innerneſſe 
II j Kelſo 
50 | Kirkubright 
oO | London 
00 | Leiceſter 


03 | Lincolne 
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ithoow 
[int Mancheſter 
Wi Mnſilburgh 
Munroſſe 

i} Notingham 
Wt - New-wark 
Wi Norwich 
þ -Newcaftell 
| | Oxford 

Wt. Perth 

If Peter-head 


Prafiical 


Geometry. 


The Latitude of 


deg. min. 


O2 
44 


42 
31 
35 


| Roſe 

| Richmond 
Stafford 
Stirling 

o | Thurſo 

Tain 

Tredah in 1rl, 
Worceſter 
Warwick 


58 | Wincheſter IC 


Tarmguth 2 45 
Tork 54 00 


& - Here note, that all Cities and Towns which ly di- 
+ rectly Eaſt and Weſt one of another, hath one and the 
{{ fame Latirade, bur they differ in longitude, And al 

| ' fach places which are ſciruate ( dire&ly I North of 

0} South one of another, haye one and the ſame longitude 

&; and meridian, they differ onely in Latitude. 
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CHAP; AX 


To projett the Sphere in Plano for any. 
Latitude, 


{6 J ** knowledge of the various Circles, points, an#/ 
: lines, which are imagined in the Heavens, is yery 


: fanceſſary aud requiſite to moſt profeſtions for to under» 


ſtandy 


Lg 


 Proflita” Geombrrj. up 


"ſtand the Celeſtial mbtjons-, thei 'righe* atid obliqu®: 
Aſcenfions and Deſcenfions, &c. is both profitable atld * 


pleaſant; which will in. ſome meaſure appear, by the 5 


P | Geometrical Projection of the Sphere-in Plano, thus:” 


Firſt, Open-your Compatſes tothe Rgdius of your 5 


line of Chords, and ſetting one foot I in_..] I, with the * 


other deſcribe the circle Þ Z C D., which\(hall repre- if 


m_ the General Keridiay.; which devidedJnnto four / 
C/ind D, hen trough 


N 'D and BT C, cutting 
on cdother © at t right atgles Ne fe) point [; ſo ſh4{l the * 


line Z ID, bethe Vertical Circle, and B 'I C the Hori- , 


zon. The. Poles whereof are... repreſented by the, 
points Z and D, where, Tha for the Ecnith, and D + 


for the Nadir. ... 
This dane, confider F Ladkende of the place, for | 


which your Sphere Ix, oY projected, which in this ; 
Je.5 


example we ſupp ole to 6 degrees. Therefore take : 
$6 degrees fron. your line of Chords, and fer from B 
roP, by which point P;and the cemer Ldfaw the lin. 
PIE, which ſhall repreſent che cirvlg of the hour of | 
ſix, and alſo the Axlerree of the world7where P ſtands } 
for the North Pole, and E for the South Pole. They | 
eake the ſaids 56. degrees, viz, PB, and ſet from 'T to 


F, andſadraw (through theceliter 7) the line FIW,. 


which ſhall repreſent. the Aquator. 


EZ Then with your Compaſſes, take 23 deg. 31 min. 
& cdeing the Suns greateſt declination :) and ſer from F. 
$ ro Y, and from Fto w : and upon the oppoſite end of 4 
the Z quino@ial line, from W to (9, and from W to > 
by which points, Y 'S,and WV X; draw the lines Y L ®, k 
Which ſhal repreſen; the Tropick o of Cancer, And vs Xx, { 
ce | | the 


= PraGical. Gedmetry. 
tte. Tropick of Capricorn, and the line Y I'X., 


N 

+ $2 
= | 

"= 
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: 
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; Then take the ſaids 23 deg. 3r min, viz. the 4 

i ftanceFY, orF w, and (et from the North Pole P.t 
W Gz and from P to-R: and from the South Pole E,to 1 
[| and from Eto: and ſo draw the lines RV G, for th 
if. Artick Circle, and the line SMT for the Antartid 
ty Circle. This done, lay a Rule upon the points R 206 
Fi T, and ſodraw theline & IT, which ſhall repreſci 
{j- the Axis of the Zodiack , the Poles whereof are! 
+ and T, This done, take 18 degrees from your line\ 
"Y | Chord 
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Chords, and: ſer from the Horizontal-line B'ÞC,-from B 
to 7, and: from C-to U.-and:draw the line: YN Is 7 


which i is the line of. Twilight, or day Breaking. . 


The hour Circles are ( repreſented by the Arch 


| PN E, and) :drawn through eyery 15 degree of the 


WW Equacor , cutting one another in the Poles''6f the M 


World, Bur che Azimuth Circles. , are {" repteſented 


by the arch Z AD and) ': drawnthrough every-rr deg. il 


15 min, of:the 'Horizen at fight Angles ,” cutting'ohe MW 


atiqhce: i in'the- Poles of the” EETREE OR "the? eriſth | 


andVadir. * 2 Of 


The houFEircles, aakintls. abiinhes: witrtors] 


WW Sighs,” mdy-be-pl;ced/upun their! reſpeRive Hlhes,, 'by | 


help of a'line:vf 'Sin's fitted-for the Radinos'of Jour tine J 
of Chords, which for brevities ſake 7 hay6 How othity: 5 
ted; 7 ſhall only add an —_— of- this proje&tion, | 
and ſo-conclude this Chaprer. - ) 

-- $SuppofE.the: Sun in the Tropitk of Cance#* 'Cwhich' ? 
1s, when-out-day/is arthe longeſt) at'Y, chef his Me= ; 


3 ridian Altirude.is repreſented by:YC : His Dep refffon'- ? 


gy" F- 
» Uh 


4 


' 


3g 


at midnighrby - BO), - his Semidiarnal -arch by HY, * 
his: SeminbRurnal arch by < W,- his Altinide'in the | 
Vertical Circle by' F L, his' Declihation by IK, his | 


Amplitude by H 7, and his Aſceffional Alference by 
the tige K H, ::* 


Cc H. A P. Xt. 
To draw a Horizontal Dyall for any Latitude, 
or place. of the' Earth ator: 


JA other defe&s in the Countrey, this is tiot ; 
\ theleafl , its the want of Sun-dyals ; for travel; 


3; © Prafiical Geometyy. 
where you pleaſe, and-npon what Road ſoevyer, whe 
you ſhaltſee a Sun-dyal fixt at, or upon” any place, | 
ſhall fee. thobſands lacking them. You muſt ei 
'take their cqmmon and: ruſtick guefle of the rirhe | 
- the day. ( which they gather from their Jooking up 
the Sun. I, or elſe go without. b, 

- Now: from whence comes this: defe amo thei 
| do really, chink, that it doth nor arife from any co 

. tempt or. hatred which they have, ro:Arts and Scient 
Mathematical: Bur. rather for want of: fit indu&i 
and incitement to ſome convenient ſubje& of theſe Ari 

+ and: Scienees : which, -(being made naked from all h 
" icuſe and-ocule ſcrutinjes. ) ſhould be-fo levelled, 
that 1t may be parallel wal, and comprehenſive 
their capacities. , \ | 0 

L waitgd..(I confeſſe.) very long toſee if ſome nit 
$ . able then my ſelf wonld redreſſe this evil, . for thefl 
- ,tgre;- but finding none to appear, though we ' hay 
_ amongſt us, very, many, ,more richly;quatified for 1 

. effe& then ;my ſelf: I was conſtrained out of m4 

' Tove and pity ,- to become the Countrey-mans Tur 

and ty expoſe my ſelf to publtke view. on'theirbeha 

And therefore, he,or they; hat would draw a Sun-dff 

 C Imean an; Horjzonzal (or :Level-djal;) exa&tly , 

whatſoever latitude or place of the earth, let the fol 

lowing precepts be duely obſerved. : 
Bur before we. proceed, I think 1r-not amiſs , farſ 

to ſhew you this General Maxime in' the Art of dya 
ing, viz. That the Stil's. of. all Dyals muſt neceſſarl 
point to- one of the two Poles of the World. ' From hehe 
it followes, that a Horizontal Dial drawn,for one lath 
& tude or place of the Worjd, will not exaQly ſerve £ 2 
j  2tl Horizontal Dial to another latirude or place, of - 


” 
Top 


: 
0 4 
12 


% 1 


 Praiital Geimtetry: 


4 world, that 15 to fay, that-a Diat made for London will. | 
v1 nor ſerve exaftly ar Edinburgh." oy 8 Contra, one made: +; 
for Edinburgh w1ll nor ſerve at London, © The reaſon'is' 1 
palpably manifeſt, becauſe: (according ro the foreſaids. 4 
» nee} the ſiile of that Dial which is made for Lon 1 
= on, being ſet:up-at Edinburgh, will not exadly point: 4 
to the North Pole of the world, but will point'4.'deg. 3 
off 32 min. below the ſame (for: lo much 1s- A «4 difference- 
8 of Latitades berwixr London and Edinburgh,” London be= 
& ing 51 deg. 32 min, and Edinburgh 36 deg. :4 min. )' ; 
And proportionably as the Latjtudes of places: differ,” 
fo will the Diats madefor thoſe places diffe#: '' But 5 = 
there be no differencei'of Latitudes ,, the* -DyaF-that is: | 
made for one place, City or Town, will ſerve = for-uny” | 
other place, City-or Town ,: choagh never (6! remore © 
one from another. - The reaſvirof this" is ſ6/deat ; $2 
becauſe, when'there is no difference of Laticades;rhew |; 
theſe Cities or Towns ( though never ſo- far -Aiffanic + 
one from another ); are b$th in one and theſainePhtal- ? 
lel to, (or from: the EquinoRial , and ſo have botte | 
one Latitude or Elevation of the Pole. That 181 tofay,”! 
in more plain terms. . An Horizontal Dyal'drawh for 
the Latitude of Edinburgh , will ſerve any other place 
(though never ſo. remote aſtinder) that tyes exadity/ 
Eaſt or Weſt of Edinburgh, without 'any difference at 
all. Theſe things being thus necefſarily POOR, E1 
come next to praQice. 

An Horizontall-dyal is that which is parallel to the | 
Horizontall' Circle of: the Sphere, and' therefore to | 
draw the-hour lines, firſt open your Compaſſe:;to the 1 
Radius of your tine of Chords, and with this diftanee; 7 
ſetting one foot in the Center K, with the other de- ; 
ſcribe the Circle E:SW N, and upon the ſaids-point K;, 


—_— 


F draw another concentrick Circle, a little without oh 


Kr far co, containghe figures of the hour- line 
| Then diyide the Circle ES W Ngnto: fouriequal: parig 
WAL and throngh: the center K, draw the Jines: K K W.qn 
hi BIY cutting one another at right: Adples ins 
"= Center K;.-Sp ſhall the line, E K w; berthe fix 2-clor h 
Ni  heup ſine ; both for morning and evening.. And th 
WE. linc S.K N, the Meridian ; Or 12 aclock hour line.” 
|" -Then take the latitude of the Placey which here fig 
' this example J) we will ſuppoſa.co..beetss degrees'y 
therefore take 56 degrees frem -your line of Chords 
| and et from NN col, and draw the line: K IA. ' Thet 
from the Pant A, ler- fall the Perpendicular line AX 
ell icentthe 12 2 clack hour line SK N, in the. poi 
| &- So ſhall the Trianple, AKA, be the trae* parery 
this:Dyals Cock;  whioh maybe made of a plate »of 
| thin Bradſe, Iron, or- other. maceeted fbickice | as you | 
& think. maſh canvenient, Ef NEON, Res Ty 0s J 14 
| £j.Ihjs dane, devide the ſemieirel B: N w into ts 
= eque! parts.: Sohave.you incach; Quadrant five points] 
| © by which you'may draw. the :fime” Chord [lines, via 
VEAL AapfhN, /Paralſel to the ſix a clock hour link 
WH as. here-you ſee. done. Then take onchalf of the Chortl 
l Bag N,, wif your Compaſſes ; and. this diſtance ſcriitf 
the. lige-of, the ſtile;wize from K'r0 Ti; from whick! 
\ Point; F; take: themearcſt extent (unto;fhie Meridian (68: 
& 32 a clock hour line_) and with this: diſtance, ſetting 
em Hot-inthe poine N; with the - other make i mark, 
&. 08 cach ſide of the Meridian, in the ſame Thordline: Nip 
& Ehienuglwhich points from the Center-'K;:you hall} 
= graw tlie hour tines af a,and 11. In-like arabner; takt 
& one half of the Chord line L, and ſer from K to X, fronk 
Wt which point: X, rake rhe neareſt extent unto the <Mie5 


4 '1 % k 2 Th; 
- : Vv « p 2} ys k 4< . 
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Prafical Geometry,” L% 
ridian ; and with this diſtance, ſerring'one foot it this * 
point L, with the other, make El mark, on each fide of 
the Meridian, in the ſaids Chord line L, through which + 
S points, and the Center RK, draw the hour lines -of 2, - 
WE and 10. 2, E.- <08 . ; 


| 


. f \ 


In like manner, take the half of the Chord line f,'? 
and place it in the line of the Stile from K to O, fron; 
which point O, take the neareſt extent nnto the Mert- 
dian, and with this diftance, ſetting one foor in the 1 
point H, with the other make a mark, one each fide of? 
the Meridian, in the aids Chord lige H, through whicts; 

Ts "PONG. P01atg, 1 


FAB  Protlical Geometry.” . 
' . points, draw-the hour lines of 3 and 9, . Agd thus ya 


may proceed to the drawing of the reſt, of the how 
lines, as. the figure demonſtrats, ſeeing the work i 
ſooner done then ſpoken. i;e.c 
And whereas in Summer, the 4 and $ jn the morn} 

ing, and alſo the 7 and & ar-night, is neceſſary : there 

WS forc draw the hour lines of 4 and '5 -jn_the_ evening, 

| beyond th Center K ; and they ſhall ſhew the hour! 

_ of 4 and'5 in-the morning: and likewiſe the 5 and 8 

'n the morning, for 7 and 8- i the evening. ' | 

The Stile muſt be fix' inthe Center K,ſo, that ir-may 

hang direQily over the Meridian line $ KN, with. fg 
great an Angle, as the lines, A K A makes, which is the 

- true pattern of this Dyals"Cotk, Os \ 
This Dyal may firſt bee drawn upon clean Paper, 

WR and then with the help of your Compaſles, may bee 
WE placed on your Plane, viz. ;upon any peece of a boord} 
- Bur when you ſer it up, be ſure to ſerit-leyell; ' and 

$ cauſe the 12 a clock hour live 'to-poine exaQtly Noz 

& and South, which done, the 6 a clock h6ar line wit 
# poinr duely Eaſt and Weſt, Here note, that if you 
BE would draw or make a Dyal, for 4\Town or Countty, 
ms whoſc Latitude you know not, You are to obſerae 
$ the direions given in the g Chapter. And here note; 

& that what is ſpcken concerning the Yrawing of the 
i= hour lines, the ſame is to be underſtood in drawing of 
& the halvcs and quarters, FC In 
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CHAP. XTk- 


us To finde the hour and minut- of the day, in any 
TC | part of the World, Geometrically 
< without Infiruments 


a) \N7 66 Ho e eyer. would do this exaQtly, muſt firſt, neceſla-, 
_rily know 


'' 
y) 


ro the 


$qos Declination. XVUll 


Latitude of the, place TER | 
? oy Ft: of the Son Yoni FF Vowp. | 


| All which, will be ſooner done then ſpoken, Now: 
ro find the time of the day thereby, in whatſoever part 
of the workd you be in, Firſt, Draw the Quadrant + 
AFHKB, as is raighe 1n the eighth Chapter, then ſup- | 


poſe the Zatitnde of the place ro-be 56 degrees, rake 1& 


from ybur line of Chords, anid'place ir fro F to. K, ahd: 
ſo draw the line 
AK. Then ſet the > 
Suns Declingtion *y 

( which here we | © 
ſuppoſe to be 13 de- 
grees, 14 minurs ) 

from F to H, from 

which point H, take 

the neereſt 'extent. 

with your Compal- _ 

ſesunto the line AF, 


and ſer this diſtarice Ci in the line A' K) from A*to I, T 
through which point T, 'draw the line E IL, Parallel ; 
wAF, Then from the aforcſaid pointe H, take the ; 


 deereft 3 
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neereſt extenr unto the line A L B, and ſet it from T 
| M;,in the line AF, Then ſoppoſe the Suns Alriruj 
W- (obſerved in the afternoon _) to be 27 deg. 30 mi 
Place it from FroN, from which point N, take t| 
ſhotreſt exrent unto the line AF, and this diſtance (@ 
in the line'AB, from A ro T, then take the diftance LF 
and (et one foot of your Compaſſes inthe line ARK, f { 
as che qther foot may bur juſt touch the line A B, Any 
Where the fixe4-foor ſhall reſt, make a mark as at ! 
BE Then with the diſtance A V, ſer one foot of your Con 
Ul paſſes in'thePoinr M, -and with the other deſcribe thi 
WH archW, by whoſe convexity and the Center A, ;dray 
the line AX, ſo ſhall che arch F X, be che.quanzity 0 
time from che hour of 1x, and B K che time. of the da 
frgm Noon. Which arch BX being raken with you 
Compaſſes, and-applied to the line of Chords, will.ly 


"I 6d degrees, that is, (by allowing 15 degrees. to ol 
 Hanr )::four, hours i in.the afgrfiaon 3 5 -bur if; ic, had 
 Ityche forenoon , It would have been cighr a; clock 


7. 


the}morning.. This i is to be underſtood when the Sut 


degination is Nogth, «| 
ere note, t bs Altitude of the Sun had i 


ſo fall, vai e pol had fallen berween che Cef 
= ter! A and I point L (v ' is the Alritude' of rh 
' Sd ar the Hour of fis-J" thi ſhogld that] part: of. th 
W arch F WK towardSE, givy the quantity of rime, ch 
ther before ſix” il the morning , or. afrer fix in* i n 


==; Fl 


- 
— 4 


zn drawing the lines, -and St rs the extomes. as is; 
| ready ſhewed ; bur in the Suns ;4ltitude, the diſt: "Ck 
: perween T ot poiat N, and the line 'A F, muſt be ft 


| > 


_ Pratiical” Geonfetry, mn * 
MfomLto T, and'ſo. ( in ſtead of :L:T you muſt take / 
Ml the diſtance A T, and then proceed'asbefore: for thete | 
We j5.no other difference at all, then what I haveſhewed. 


& Thus will ye finde the hour and-minut of the day both 
& in Winter and Summer, by obſerving the premiſſes;” ) 
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'To finde the Suns Azimuth Geome-| 
rrically, | — oe, 


'{( +% & 
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He Azimuth of the Sun, 1s 4 part of the Horizon, 
- which is contain'd betwixt the trvE Eaſt 'or Weſt: | 
poines, and that Azimuth which paſſe - by the Cenrer 


of the Sun tothe Hotizon. Theſe Az muths are Circles 
which meet together in the Zenith' and Nadir points, - 
and croſſe the Horizon at righr &ngles, as 1s ſufficient. | 
ly demonſtrated in the Sphere. of the tenth Chapter, 
where the ſemicircle Z'A D repreſerjes an Azim 
meeting with the Zenith at 7, and Nadir at D, 
croſſes the Horizohtal line BHAIC at right 0.F8 
1n-the point A, The uſe of theſe Azimuths, are di- 
verſe, bur 1n this Chapter, it Is thrended only to finde I 
the point of the Compaſſe that the Sun is on at any: | 
hour-and minut of the day : that is to ſay, tq know how. * 
many degrees and minuts the Sun is diſtant from, the. 
true points of Eaſt or Weſt, towards the, North and A 
South; at any time of the day. Which you may find , 
at anytime by obſerving the” "dire&ions following.z | 
-which differs not much iti operation, from finding the” 
& hour of the day: and therefore, khowing the Latitgde. ' 
of the place, the declination and' altitude ' bf. the Sun, . 
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.gccording as is before ſhewed : the Suns Aiimuth'y 
| be found cafily, artificially, and ſpeedily thus, -. - 8 
S Firſt, deſcribe the Quadrant AFK B, as befai 
ut then with your Compaſſes ſer the Latitude of the plg 
Cvhich here we ſuppoſe tobe 56 deg ) from F ro i 
and draw the line AK; then ſuppoſing the Suns dech 
VE amation North-watds, to be 14 deg. 45 min. take- it all 
= from your line of ,Chords, and ſet from F to H, fron 
| which point'H; ae the neareſt .cxtent unto the li 
= AF, and with thigdiftance, ſcrting 'one. foot of you 
Compaſſes in the Tſe A K, ſo as the other may by 
touch the line A F, make the mark I, in the ſaids lin 
ES BR ARK. This done, fugy , 
| Poſe the Sans altituly 
obſerved in the. fary 
noon to be 36 deg. & 
min. Therefore-wif 
your Compaſſes, tak 
. ir from your line | 
Chords,and ſet ir frg 
| | F.to N, from whig 
Bl. | 7 \ | , Point N,takethen 


eſt extent unto tix 
line A B,and place this diſtance from A to M. C 

Then from the ſajids point N, take the- neareſt ex 
rent unto the line A F, and ſet it from AtoV ( in ei 
line AK_) then take the diſtance I V betwixt yout 
. compaſſes, and fix one foot in the line A K, ſoas the 
"other may bur touch the line A B,: and the fixed. f od 
,-will reſt in the point F, from which point E, rake th 
neareſt extent unto the line A F, with which diſtange o& 
; fer one foot of your Compaſſes in. the point M,. 


- with the other deſcribe the arch L, by whole convex t& 


- 
th. ' 
4 - X _ 
[5 \, - 
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Pratiical' Geometry: 33 | 
tie, and the Center A, draw the line ALT: fo ſhall } 
' thearch FT, bee the Suns Azimuth from the Eaſt or 
Weſt, and the arch BT, his Azimuth from the Sonth, * 
which in this example (being taken with your Com | 
4 © paſſes, and applyed tothe line of Chords _} is 57 deg. 

$ 26 nin, ahd from the Eaſt, 32 deg, 34 min, as was 
required. 

Here note, that if the Sun had been ſo low that the 
point E, had fallen between the Center A, and the poine }} 
FT. then ſhould the arch B T, have ſhewed the Suns AZzi- \ 
muth from the North ; this is only when the Sun hath }! 
North declination. 

But if the Suns declination bee South-wards, you 
muſt proceed with your Latitude and Declinatioh, 
placeing them reſpe&ively as is before ſhewed. ' Only . 
when you have taken the neareſt extent from HK, (the 7 
Suns declination ) to the line A F, and ſtring one foot; ; 
in the line A K : ſo, as the other may bur rouch the 
line AB (in ſtead of A F) your-mark is I, Then 
proceed with placeing the Suns altitude as before at'N; 
from which point N, you muſt take the neareſt extents 
unto the line A B, (ſetting ir fromA'toM) andAF, 
which diſtance or extent ( from N to A FJ) 'muſt not 
be ſerfromA'toV (in the line A K ) as before, bur : 
you muſt (with the faids diſtance) ſer one foot in the 
line AK, ſo as the other may but ronch the line A ” 
andthe fixed foot of your Compaſſes will reſt ar Y, ! 
from which point V, take the neareſt extetit unto the-. 
line A F, and place ir from Ito E. Laſtly, take the di- - 
: fiance AE, and ſetting one foot of your Compaſſes itz. 
= the point M, deſcribe the arch L, by whoſe Conyexi-* 
* ty, &c. as before, Thus you "will finde the Suns ! 
Av at apy time of the year, in any part of the. 
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world, moſt cxafly and YOs and my 
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CHAP. R1V, 


"How to finde the true (Perpendicular ), boighrb 


of a Hill,.Caftle, or Tower, that 15'ac= + 
ceſſible 5. .0n. inacceſſible , without 
any INF NSSent. 


' tis may teperformed, either by help of a. tookin 
.*. glaſſe, or elſe.by a little clear water in a diſh; 


my. wa practice,when T have been abroad in the fieldg 


and 1 aring no. Inſtrument by. me, 7 have ſatisfied; m 


W C£lf and Students). ſometimes either of the wayes 


and ſometimes both WAYES, Y8r Withour the —_ .errot 
F a WAYES. |. 


\ Therefore, .admir F were the top of a Tower,whol 


| © hei ghih above the groynd at E, were required,atrl-xt 


the faids Tower E F, were, accellible - ( vix. : theul 


: might. approach (from A }) to the baſe theredf ar F 


without any impediment of hills, rocks, - walls, of 


ditches, &c.) Then co finde the 'rrue altitude thereoff 
place your looking-glaſle, or diſh of water level on;rhe 
- ground at A, then Cwith your body upright, and yori 


eye fixed on the glaſſe |) [go backwards it a right link 


/untill you ſee the top of the Tower F, in the glaſſe4 
"A, at which time ſuppoſe you go back to H; this dc 
-meaſare:the heighth of your eye .from- the: _—_ 


which ſuppoſe to bee ſix . foot, likewiſe eofibv13 


M ..  — ” _— m_ liſta 


{ 


' Pradiical. Geometry. As . 
diſtances between your ſtation H, and the glaſſe A, and 
alſo between the ſaids glaſſe A, and the baſe E, which 
done, ſuppoſe H A 9 foor, and A E 30 foot, then ſay, + 
if AH og foot, give HV6 foot, what ſhall A E 3o foot 
give ? Multiply and divide, and the anſwer will be'2o 
foot, for the true altirude of the Tower'E F, as was 


required. 


ZL UW 


Rut if the place (C what heighth! is required) be ; 
inacceſſible, then there muſt be uſed. another mafiner :; 
of Operation ( not much differing from the forther ) 4 
to. obtain the true heighth thereof, which is thus per- 
formed, | | 

Admit F tobe a Tower., , brite Son 2 Rock, unto | 
the Baſe of which Tower there is (naturally) no ac- Þ 
ceſſe, becauſe of the ſajds Rock, whereoh the Tower if 

Ratids : And ſometimes (in War eſpecially) a Tawer NY 
or Caſtle may have ( no material or. natural, impedi- 


| ents to keep you from its Baſis, bur) an accidental 
De occaſio, 4 


a > 4 


©, 36 Pradical Geometry. x 
' » occaſional, or hazardous hinderance, by reaſon of | 
Enemies ſhort, from the ſaids Caſtle, Admit alſo 
place your Glaſs on the ground , laying che ſame 
leyell as you can, at A. This done, rake a Staffe of 
6 of 7 foot high, as HV, and fo holding the ai 
Staffe upright from the ground, with your eye. upd 
the top thereof ac V, ſtill go backwards, untill yt 
| elpy the top of the-Tower F, (over the top of the St 
WA. Wo the Glaſſe.at A, Then (cauſing your Staff to ſtig 
= -@the ground at HJ go ſtillbackwards ina right lin 
| piaFing your eye <o the ground, vintil you eſpy (again 
Il rhe crop of the Tower, over the rop Of. the, Sraffe, ; 
W {which time, \admir your eye come back to L, Laſtly 
| {Meaſure the diſtances L HC which is the diſtance b 
{Feet your ey#and the Sraffe;.) and alſo H A ( th 
4 Aiſtance'berween the Sraffe and the Glaſſe,) and il 
 {poſingL H co be nine foot, .and HA ſeven foor, and i 
Staffe H V ſix foorhigh. Then to find the Altitude | 
#he Tower, EF, Subſtrat HA ſeveri, from'H L nin 
reſts LTrwo; "Then fay;-if-EI rwo,- give-H V fin 
What will L Ar16 give ? Anſ. E F 48 foot, —=TR 
_js to ſay, in more plain-terms : The diſtance from 
"Glaſs A to the Staffe H, is ſeven foor, and' froin: tl 
* . faids Staffe A, to your eye at L nine foot, the ſum 't 
© both is fixteeti,and the difference is two, which know 
" As the differerice L 7 two, 15 to the hejphth'of c 
Stafte H V fix faot, fo is the ſum 7, 4 fixtcen, t 
the required heighr E F 48 foot; > 
The reafon of chis Operation, is, That the Triangl 
A FLY, 1s of one and the ſame proportion with FE & 
| And the Triangle V H Lisas FEL : Therefore whel 
| We have made VH AequaltoVH L, then is VIL d 
the fame proportion with FAL, becauſe I Y Is 7 


-—— 


ER yt — wt 


rifter 6 AE? $6 thar aL "trwo) is 'to nv (x) | | 
SO 1s L A (f reen) ro E of Suecy YD, the height | 


of the Tow r require a. = 


WO 10% 


$ CY SY 


to any mark br objedt 2 that? 4" oifilleon' + 


* the Land, be it hev#? ſo fary hd = ( " | 


that- "without * Wiftrwinent:”" ef. 


f 3g; 312) ub of 

A Lthough there be many wayes hy: which Die | 
ſhew you tlie Reſolution) of this Queſtion Þ yer for 

the young Stidetfit of Geometry, i that he may the mbrs 
ſpeedily , and with the greater facihiry 3"aſpridins J 


f CATE "+ 5 ads 
| Shewing. bork to find thi*exith length, -orvdiftench ) | 


the ſame : I ſhall-make choice of rhary':wfiictvI uw!" 


to be moſt familiar and caſfie, cyen ſuch a wany/as wy: | 
felf (with my Doimneſticks ) have indft freqtebdy:pra- ,; 


Rized;z which if you follow ;1ybu; ſhall (ow dnident 
tion ) find the ſails length'be diſtance from: ybah flari- * 


on, to the mark or objeR, gt ng) Braga. the ., f 


aids obje&, ſhould be ks far #Poxyoor To 
eye: can ſceftipot theELand,' "Toftolwhich, A £1 


You muft hive four Stayts"1(ir's no:marter ater Mi 
they be all of 68" lengrts ob2inbr/[1providel they 'be 
Yſtreight ) I have6fc enobgh peflermed the fame: (ptay= 


ing upon LeitHfihks ) withfodr Boff-clubs. ; ? Amongſt 
W #n Army or Conipany of nie "there'is norking bercep 
Ml ficn' four Halberds or Pikes: | fifour ; (M0Cuteelts) 


; Kittitilng-fois) Kees take ily ofxtheſe four; whjoh. OP= 
D portunity, 


rr 


£39 _ PraWcal Geometry. k 
'p Mrunigy. beſt offers, and fo let's go forth into he 
Fin "re And there, VE} 4 
= Suppoſc A'to be & Fort or Bulwark, . whoſe diſtang 
| from our ſtanding (atR,or H) is required, Fi. 
W therefore, thraſt down one of your ſtaffes ar K, frond. 
oO NENT K, fot muſt Fo exaaly Squate-WAyes, (of 
We 5 ncar ro 2 Square. as. poſſibly yon can) from -the link 
FR A, cither ro the Tigftt hard, or to the left hand" 
E (@royrilihg-ss the grouhd- will petmirt } abour 200. of 


; Zoo fegr.;{fhe-more;the. better, if your objeR bee fa 
, off ),as from K-t0, V3 and at V, ſer up the ſecond fiaff 
; Then come to your: firſt ſtaff at K, and go back fro! 
; It, in a ſtrejght line, three or four hundred foot Cmo : 
of fe,” a2 your pleaſure, according to the vicinity $ 
+ the objeQ,/ 4s from.K to H, and at H ſet up your thin 
+ Refs; which yon muſt ſo ſer, as that the firſt ſtaff # 
, E; andthe objce& art A, may appear both in one ireig 
: une with the-third ſtaff .at m8, by the judgement..M * 
[Sr ads. oo: ; ; 
| -:'Fly$:done,” g6 ſide-wayes from H, upon a Squal 
' Angle: (25,you did before from K to V) untill your { 
cond Ref at V, appear in a ftreight linc from the objg 
A; add; your:fourrh ſtaff at I, which being done, me; 
| fate how: ahany yards, Qls, or foots, is between yo! 
- firft Rtaff (at K) and-the-fecond (at V) and call thy 
+ your firſt diftance..” And-likewife berween the fail 
; St Ref (BY end:the third (at K) name it your ſecal 
_ _diftagjo.., Laſtly, wedſure the diſtance. berween yol 
 thiedfiaff Car H,) and fonrth at I;). which ſhall þ 
| 1002 third: diſtance, i from which ,- ſubſtra& the, i 
diflanen, ang;the remaſner 46 the deviſer, of firfi np 
ber itDabeGoldes'eulel; (Then ſay, if the reny 0 
11243700 RT © gm 
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Pradlice] Geometry. - X W*; 
give the ſecond diſtance,  whar ſhall the third diſtabte 1 
| give? Multiply and diyide, and the Queticat will be ? 
the true and exa® diſtance of. the objeR ar A, froth | 
your third ſtaff at H, 85 Was onlred. = 


{ 
/ 4 


L X 
k ; "a _ 
a f 
' F | 


Example; in this Djagram ſuppoſe A to.be the mark 
or objeR, whoſe diſtance is-rgquired, And let K bee 
your firſt ſtaff, your ſecqnd, (being cayried Square 
off from K) and H your third; and I your fourth aff; j 
Now,meaſuring berween- V. a8d K, ſupppſe: you finda. ; 
it 46 ells Cor foots, if yOoNÞ. pleaſe to- M4 akeinifoJ and ? | 
between K and H 4o, and laftly, between H and I, $6; ; ll 

Theti if you ſubſtraR, the firſt diſtance K V 46, from "Wi 
the third Diſtance HI 56: reſts L-I 16,-your-Deviſore | l | 
Now, becauſe LV is equal (and parallel) ro H K, both 
being 40. Therefore you may ſay, If the remainder | ; 
[ L 10, give the ſecond diftirice L V which is equa}; * 
as I ſaid before, $0 HK.) 40.9 what ſhall the-third di- * 
ſtance TH 56 give? Anſwer, HA 266 clls, and ſo much * 
is the diſtance of the ſaids Fort at A; from the Staff, 
at H, aS was required, . - ++ 
COP let yoar obje& be ts. if your eye call | 

but perfe&ly perceive it: and  placeing FAPT.; 
zccording as is before ſhewed, you'ſhall: et have the 
fequired Aiſtagee, only by: the (over: lha{0py Or IFYy 

B& 9 OF hs. 
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7-8 profiickt | Gemeiys® ; 
portion, viz/ asTListo EY, fois T H,toH A; 


But becauſe this conclulfch Is perfotinied withe w 


Inſtrument, 'and a Squate * motion fide-wayes is © 


| quired. Therefore 7 will h&ar ſhew'yorr how to mi ? 
a jaſt Square upon the ſuddain. Take three ſhort 


| ſtickes or ſtrawes, or cords, &c, making one thre 

k inches long, another four inches, and the third fiys 
| Inches long, according. as Hhewed You In the thit 
; Chapter: thew-joyn their ends together to frame yout 
; Triangle; and you ſhall. find. that that Ang le which .1 


oppofite to the five.inchei (or longeſt GideJis a Squaſh 


- or right Angle, which Angle firſt placed at K, and afcef 
} at H, ſtill direQing rhe ſtickiof. four inch long to th 
mark-at A, the other ſtick 'of three: inch long will a 
 re@ you to7V and I, - Thus, obſerving the premity 
y you mnay moſt 'exatly meaſure and finde out the « 
. ſtance of gny/place from'your Station, as exatly Cn# 

” More). xXherr if = meaſured the ſame wit'a cord < 


8 & ©* » po ' 
; 4 . [t 
hm She, | 5 11744 6 
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GHAP. XVI 


Containing 4 Siiccin& Deſcription: of the Geol] 
- oeeriealh Quadrant , and of Fe mani="- ' A 
| Jour "ſes thereof. * HAT a 


& 
. I, 43 
I , 


þ LY 
aL »02 


Y be As macula in Chapter of my Uranoſcopia, - yel 
- dre; 


* 
. 
| IV; 

Y 
<, 

s 

| 

; 


afe taught\how to make a'Quadrant, with-the Q 
; ;ad&WlfÞ how'toidevide and number rhe ſaw 
|. And-therbfows ſhall n6t (tow ) repeat the ſar 2] 


Art Arm the Projettion of a \natural 25 of 
1c] 


. "SA * 


* 
—_— " 
8 T_ FL % 
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" Provfical Geoitrfi " 


Fines upon the'etlge of the Quadrant, by help whereals 1 
the Suns Azimuth, and the hour of 'the day; with other, 
propofitions in Aftronony.of- TG, oP" exaQly,: - 


eaſily and ſpeedily be known, Arygos 3 108 


te nega ſuppoſe T 4 FL to be a ( Qhadrant; ; 
whaſe L is deyidehinro 99 - 
led TAN Tet he df at Qua FE my EY 4 
| and HF, deyided into as many. cqual pan '4 quanti= ": 
| ty will permit, which here, we will EEG to bel late | 
100, as the F TIgure demopſtrats. ' 

. Then let the Semidiameter AT, be dey 
unequal parts, called right, nes, by F 


ri? 
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__ gowards 
1 gure hereunto annexed: 


| reel bg, "nil Souch Predhharlon, | , ' 


OS 


© extent, from each degrex-of your Quattrancs lin 

AFL, unco the fide HL: ahd fo placing thoſe ex 
| tetits ipon-che fide A T;ceactrafrer otheriframthe Cen 
ter I, towards A, fo ſhall rhe Setnidiameter or E 


dins I A, be devided unequally ifito go parts, called x 

line och hare being membred from eheCenrer | 
with 10,20; 30, (Fc. unto go, ' as. the j 

monte, | 


| Liftly, Upon the gen er I, you muft lring a three | 
- and plummet , for the feveral uſes aftgfwards expreſp 
1 fed. . And ſo'we have done with che projeQion of the 
Line of. fines, ſome « 6 nr uſes whereof no\ 
3 follow@h. | | f, | } 


'1 
4 
5 
- 
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b: qT o finde the Suns Declination with Inftru= *: 


Rb and . pithaut Inſtrument. ; 


Ti ation of che Saw, in thexchef a Circ} 


*c6htain*d betwixt the Ecliptique; thre  Equino6 H- 


| all, making right Angles with the Equinov&fal. Whielt 
+ TN the figure of the tent Chapter, may he reprefented 
; witty * you by the arch F'Y; of F'W} of ( 
Z doſes] Ys 

K+ 1 mn rings ht of the Sah mi b&iceonmel 1 
: RR wards'or Sllithiwards,” 4& vring to tt In 


o the ops 
= Exuf8giat by. e af Tio t | 


Feitorrion of the Sun: THe, is to thy? abAe Js neer 


q unto o the orth,or South 'Poteof the worll: | 1 


h hah DEfiturion, If ce hay be ther 


| | 
C 
: o 
* = 
>& 
. 
: ” 


the day is 'lefle then ewelye: :hqurs long; : -Or more} 

| plainly chus, from the time: Jat the gan . EBLEESS / | 
Y Aries, untill he come to the beginning of 2. Librg, | 
Chart 1s from the 9 or 10.of March, tothe 12 or 1g of i 
September J) 'the © Sun hath North declinarign.; And 
from the time he enters, 2: Libre, till he Come ATOAgo | 
enter Y Artes (which is frem.the 12 or 18,0f S2pþ 
ber, to theg or lo of March) the © ath f 
declination. Bat that vothing might be Wanting, and BY 
not much to trouble the Learner, , Thave here added.a NY 
Table ſhewing rhe © Suns. declination, at Neon; every Þ 
s, Io, 15, 20, 25 and 30 dayes of the reſpe&Rive, Mg- 

| nerhs ; - of which more anone, {| 


*- 5 4+ 


dranr. SAY 
Firſt, Iny, the: OE an a4 4p 
the © Suns greateſt decliaation counted. þ — | 
\Iimb of the Quadrant. Then' fake ite Tieareſt extey 
'thereunto, from the fine of rhe-© Sums-diftance-frojm 
the next, Equinadtial point, ' ##i> this diſtange Being a as 
 Plyed tothe line of fines froni'the the Cenretr'f, ſhall give 
you the fine frhe-© gung declination required. Wo 


Sam ple,> Suppoſe: rhe : © in.the-24, degree! 
of Aries, ot fl re, his: declingtiowwill be found 9 deþ. 


29 min, Or |f the' © be filppoſed inthe 18 degree 
© Tai, or: Wt, Scorpio, (both which points ate 48; 
degrees diſtayr from their neareft EquipoRial points p£Yi 
Y and 2 ) 'hiv-declinarion will be found 17 deg; bs: 
min. as was required, 9402 F! 

But if the Reader have yo + :Inſlrumental quidrimy, | 
and.yer be deſirous to know the [Suns decfmarion ; Yl 
Therefore- exter- the following Table with the S, 10, YA 


| Gy 
Mt. - $1 
v3 a 


> ei 
on Cn 


%. 


F:4 _w_ Prager? Gvontierry, | 


Is, 20, 225,-of 3o day of your Month, "finling the FR 
 dayes on: the'top; *#hd he! Moneths: on, the: Margely 
F., and infthe'common Hngſe yoo will-firite:by inſpeat 
i the Suns declination * and by therrule eOpropacch 7 
for any'otlier intermediate day; And'/althongh. I hay 
' here firted this — \Tablo ofthe”! Suns declis 
- a, for' bo tt 5, Io, £57260; 25; or go) dayes.of. oy 
£ ſpeRtive Of ths Cork efponide Ar ta the 4vue place..g 


the Sam )-M hoon for the! year,” 1666. Yer. general 
 *withour fetifible error; ir may ſerve (for -ahe PuUrpE 
\Here Og for- eyer, whith Table hangs as folly 
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n ATT IT hs "Stink Dectinatioy? for everp| 
WEE at Noon , exattly wn for 'vhib} 


A wt ak! an (enſible r= 
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" Theufſe of this: Fable; and: the practicai-part, there-. 
of; is: this :. Suppole it(were requited tofind rhe;Suns 
declinavion, the 15 dayof 'Aprz/, Flook - 1n the Table 
-forrrhe 1 5.day, and deſcending the;ſaids Column; un, 
-tiH Icome againſt che menth of April, . and in the com Wi | 
mon:Angle, Tfinde 13 degrees, :24 minvts , which. is if 
the true declination of the: Sun.at nÞon the ſajds 159 day & ||| 
.of April. (1 66 6.) as was required,-, In, like man- 
ner,- the 15 day of- ay, : the Sun -hath, .21 degre ces, 5 
minuts of:declinatipn; the 1s day: ef. Zane, 23 degrees, 
27 minuts, and the 15 day of Fuly 19 degrees, 49, mb; 
nuts of declination, (5c. 

-Bur-f you would-know. the Suns declination for any 
other mtermediate day, rake the difference, and work 
by the Golden Rule, {nd you ſal Hfiayle the proportio-= Þ} 
nall-part 3: to be added, 1f che Snns declination be in- } 
creaſing, and to be ſubfiried, if it bee diminiſhing 2.5 
and fo the ſum or diftetehce will bet the true deelina- 


tiow ef-rhe Sun: Car noon) for the ſai ds , nrermed te | 
day 2 W45.FEAP IEA, nn! : 


"aY”- oaf0 oo 7 TEES Eo <2. 


; Example, . I de know | te | : "rus Ati. S | 
ron the. 2g of POM gok i Into LF ble, and Tfihde C || 
the Sungdedligatign, r the B. of Ubi, 8deg: "58 YI 
min;, and. for ty 5 FR K The Aec | 
 FeBper(6 af the Suns. ey dayes is 1 (legs 


49 min, Then I ly— Af he Aer In 5 dayes des + 
.cline.1,deg. 49 min, {or x09 min.” being” rednced') © 
bow; much will hee decline i in 3 dayes 3 ? Anſ, 6o min, -; 
-and;becauſe the Suqs declination ſs deminifhing, there-' * 
fore I.ſubfiraR ir from tl '- >" Suns declination the 20 day, F 
vize 8 deg. 56 min, "The remainder 7 deg: $6 him. 
15 the Suns:declination, at, noon the faids 23 diy ef 
dren C 666) as was required, 7: 00-3: 2% WR 


* 
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Here note, that the Suns declination increafſes,dm Ry 
ing the Suns motion through Y, Þ, IL, Cand there 
Pofice ſigns) 2, M, and : C which is from the: 9.4 
iv of March, till the g'or 10 of Fane; and lil 

from the 1x or 12 of September, till the x0 0:11 of W 
cember.) Bur deminiſhes all the time he moves thro 
0, ie, For their oppoſits ) W, =, and X, (whit 
is from the'10 or 11 of Fune, to the 1x or 12 of 
rember, and from the 10 or 11 of December, to the 94 


10 of March, 4 as the T0e” it ſelf ſufficiently demo 
Arars; | F. 


_ 
FT" 


CHAP. XV11I, 
To finde the Suns Amplitude with , and af | 
without Inſtrument. 


Ti amplitude of the © Sun, is nothing elſe bur 
| diſtance of his rifing or ſerring from rhe true. pot 
| of Eaſt or weſts,. and will be founl{ 'by taking the fit 
" of the ©. Sans declination berwixt your Compafſalſ | 
þ44 with this diſtance ſet one fq ot” in the Co-ſitis of tiff | 
*& Latitude, and with the other Y: y the threed to chi | 
* neareſt diſtance, fo ſhall it ſhew upon the Walt hal © 
| (imb, the © Snns Amplitude SIM ol | 
b:-- Example, Suppoſe the © $Syns Nedination 9 « | 
-- 20-Min., and: the Latitude” of the place 56''degr® 

Cwhoſe Co-ſine or Completnien | to. 90. degrees,-ts 'Y 

ges) hence the © Suhs Apiplitude wile 


«- % = 4 
, . 
' : he 


ts 0 54 


Ke x6 deg. 53 min- 
Or, Sbppoſe the © Sans declination 11 de, 45" T « 


e* 
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and the Latirude of the place 5ogleg. 30 min. his/Am- F 
plirude will be found 18 deg. 4o min. as was required, 


Without Inſtrument ro. find che © Suns Amplirade, Ml) | 


enter the following Table with the 5, 10, 15, 20, 29, ' | 


or 30 day of your Month o&n the top, : amd your Nonth . 


in che Margenr, and in the common Angle you will "Mf\ | 
find:the;@ Suns Amplitude required, which will. bee Yi}: 


equal to his Amplitude for the ſaids dayes of the opp6- Wl 
ſire Moneths, if the Ay of the © wongy g9s Iſli 
be alike« Ii; 


. . 
w -..,0 . j , LT 3 


| A Table of the Suns ——_— 

of the reſpe&tive Months within written : 

Exa&ly Calculated for the FAticude of Edin- 

" Pnrgh, which is 59. deg. 4 mins IBS 
a 8 x 

Names a day Io day 15 day 20 —_ 25 po 3o da 


rhe Molchs}d. 'm. d/ ww; 4d. m.4' mid mn.ds IT 


of ——— npntþs ng mnppenybemmeeneen unyeraernypmnngy ene ane 

] Fanugry, 40: 05[37 FM; 22. FS; 36 29 4 20 , 

| February . 22, 45119 25 19 00 12 33 oo © FR 
March * [oz 23] Sepr.” for 47 65 09 

O0hhe 11s 4r[i'o os (22 24125 $7 28 44 zi 4 

| November [35 0137-32139 46: | 

\ code. wnah 45: ms ws 40 mw $1 14 


a. — —_———_ 


Laemate. $uppole i it were required to finde the © 7 
Snhs Ataptirude therenth day of F unumy. T look im 
the Table and finds it 37 deg. 53 min. andmn Fke'mdti- | 
ner the tenth of February, 19 deg. 25 min. The renth 
of Mafth, it is 00 eg; So' thin, hd there the Motith'vf. | 
Seprethber begins; uped the 15'day thereof, the © wy 

_ f- ; 


os  FPratitical Geometry, _ 
| -Amplitude is x degs 47 min. the 20 day thereof, it iq 
' $ deg.9 min. . dc. A 7: 
4. . I have omitted the Calculation of the ©. Suns Amd 4 
| Plitude for the. Months of March, April, May, Funeh * 
rFnly, and Auguſt ; They that have uſe for it Cand ſkit _ 
E 'to-Calculare) will ſee a. rule to finde it, in the. fourth hs 
| {Propoſition of the; 21 Chapter of my Vranofcopia; 'ta | 
_ which 7 refer you; WTR £4 
| 5. _ Here norey ghat you are to finde the © Suns Amplig. 
} tude for theintermediat dayes, as you do the © Sung * 
declination for the ſaids dayes. | bs 


þ 
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Kt: 0-2 
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| | To finde the :Suns beighth-in the Verticall 


1}. 
%T - 
2 1N 


Circles.with, and without. Inftrument. -- - - } F 


at Horizon, when he is due Eaft-or Weſt; which: | | 
| jollly"in Suntner'time, viz. when the day is mor < thei 
{ {12 hours, lang, ar which time. his true. Altizyde of 


| {heighth, when he is Eaſt or Weſt, may be found, thus, | 
' | < Take: the fine of the © Suns declination betwix| 
[yoar. Compaſſes, and with rhis diſtance, ſerring- onl| - 
\ foorin the fine of che Latitude, wich the other lay th@|' 
> threed to the neareſt diſtance, ſo ſhall the threed yp0 
{ the limb, ſhew the heighth of the © Sun in the, Veal 
Y tical Circle. js VE TIT: | 
E + ., Fxample, Suppoſe the. © Suns: declination CNorthll 
. | Wards) 9 dep, 20 min. and the, Latitude of rhepled 
+. . $6:degrees, his heighth in the Yerticall Circle: wal ve 
Wz 5426s. | II acg 


PraGiical Geometry: © FI W 
11 deg. and abour 18 min. Or the declination 11 deg» ; 
45 min. and the Latitade 50 deg, 3o min, his heighth 
when he is duc Eaſt or Weſt will be 15 deg. 18 min. 
as was required. 3 
Without Inſtrument to find the Suns Altitude i in the J 
Vertical Circle ; Enter the following Table; with the 
5, IO, 15, 20, 25 Or.30.day of your. Month, and in the 
common Angle you will find the Suns Alticude in the Yil| 
Vertical Circle. Asjfor Example, Suppoſe i ic were requi> Jl} 
red to find the ſaijds Altitude of the Sun in the Vertical JF; 
Circle, the 15 day of Aprit, I look jnto the Table and | 
finds it 16 deg. 13 min. -:The 20 of May it is 26 dego. 
43 min, The 25 of Fune 27 deg, 54 min; $&:c, For the 
intermediate dayes* yon are to find ir,'as [ Mewed you 
1n the Suns ECIETEEG, > Tis 


'FY" 
\ 


LA Fable of che Save Fieiee 1 in che Vertical 
Circle, for every 5 Uay of the Moneths with- 
in written, Calculated for the Latitude of 
56 deg. 4 Min. * 


1} <4 


on 


em 


Ex FLY 


Names of _ 
the Months 


I 


__— 


LJ ms day 20 day 25da 
d. m. d. med. m. a, ms d. m, 


— © 
tt. 


rl 1 


00 oofoe © 
12. 05}14 12/16 13 
23 og|24 22125 42 

| 28 38[28..44|28 40 

26 18 25 14123 56 

17 ©o[rs 'ooſi2. 39 


Aprth. 


04 5$o| 


bzy '- | 0g: 3t'or: 11/00 00 Joo 00 


07 7 of 


8119 56: 


og 25 

21 37 
28 o8 
27. 12 
19 13 
06 16. 


loo 00 
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CHAP. AX, 


"To finde the Suns Altitude,. or Depreſſion, at ' 
the honr of fix, with, and with= * 
_ ont Inſtrument. 


Þ* ſt, Lay the threed upon the © Suns Declipatiar 
®» counted on the limb of che Quadrant. Then froy 
the fine of the Latitude, with your Compalles tak 
the neereſt extent unto the threed, _ And that exten 
 erdifiance, applyed to the line of fines from the Ceni 
 xer A,ſhall be the ſine of the ©-Alticude in Summer" 
Or Depreſſton in Winter, at the hour of fix, 

Example, Suppoſe the © Suns Declination to be 
+ g' deg. 20 miſt. andthe ;Laticude of the place, 5's de 
I 2224 yoa will find the © Suns Altirude', above the 
' Horizon, ih the Summer time, of Depreſſion undet 
F the HotTzon in the Winter time, to be 7 degrees, 44 
' tninues, ——Or ſuppoſe the Latirude of the place ri 
}. be 2o dep. 30min. and the-© Decſination 11 c 
'. 45 thin- Northwards, his Altirade above the Horizos 
| 4r the hour of fix, will be 9 deg. 2 min. But ha 
* the @ Sans Declination been Sourhwards, it wou 
* have been the ſame 9 deg. 2 min. of Depreſſion, re 
© hour of fix, a5 was required. 
The Alticude or Deprefſivn of the Sun at: 
| | = of fix, may be found withour Inſtrument, by.c en 
; ering rhe following Table (as is before ſhewed) wi 
þ oof Moinh and Day; tc. "As for Exam 8 
| % Jones, you will find the Suns Depreſſion Cane 
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the Horizon) at the hour of ſix, x3 deg. 16 min, The © 
15 of February, 7 deg. 20 min. of Depreſſion. The Ml 
20 of March, the Alritude of the Sun at the hour of fix, Þ 
is 3 deg. 19 min. And the 3o of May, 18 deg. 57 mine. '4 
&c. as the Table ſaccinaly AG, _ | 


| A Table of the Suns Altitude, and Depreſſion 
at the hour of ſix, .every 6 day: Exa&@!) 


Calculated for the Latitude of 56 4s 
4 minuts, 


«. * 


M——————— 


| Names of $ day to today m ; day 20 day 25 day __ 
| the Months d. m, d. m. d. Ms. Q& m, d. ine d, _ 


| > *———_—— Ac i um 


 anuary I9 21 16. 32 5 33 14 27.413 16112 oc 
February Io 19]o8 $2107 20J0$ 46104 II 
March oI 34ſooAoglot 42103 19 jo4 53 fo6 
o8 1909 43/11 o5112-22[t3 35 4 
16 3olt7 22118 02Jt8 22] 


11 36j10 16j08 $3(07 25 5 5404 16 
September | 02 25|oo 4gſooD5gojoe 26 og 03Þs 4 
OBober o7 1118 43]10 toſt1,33|12 $214 5 
November 15 25[16 24j17 14}t7y $7518 
| December. 19 15119 20 I9 28 T9: os 18. 4 
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CHAP. XX I: | 
To find the Suns Azimuth by the Rc ty" : 


Ou maſt firſt know the Latirude of- yont Þ 
© Suns Alcitude_and Declination, 
L LIBR 
Se 80 AR 
'OF SCOTLAND 6) 


3 . 
YI 
i . 
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| tk \the NES «Which, cake thi diſt in6E ny 
fine of the Suns Alrtriide obſerved. - And with-this & 
ſtance, ſetting one foor of your Compaſſes in the Cas 
_ fine. of your Laticude , wich, the,other lay the chregd 
' tothe necreſt diſtance, which threed, ler Jr hs. | [ 
4 a poſirion.; 4p ſerting one . fpor c of Your. con d 
ih the fine of the Latitude, and with the the 
ecreſt exrent unto the threed. And wit] | 
DE itance. {et ONE foot in the Co-fine of the ©. Sug | 
ltitnde 3 with-thoother foot, lay the rhreed : 1g 
orheneereſt ſtance : ſo ſhall ir ſhew npon the lir 
he ©. Suhs Azimith from the Eaſt or Weſt , towart 
the North or Sour. 14 
i. Example firſt., *Suppoſe the Latitude of the place 
F to. be 56 degrees, and the © Suns Altitade obſervey 
| Cby*a! qu att } ip the forenogng..z5 deg. 45 min 
the © Sars Deflination Northwards 14 deg. 4 
ja," ' By which Declinarion, I find the Suns Heig 
| in the Vertical Circle to be 17 deg. 33 min, And coy 
 ſequently, his - Azimuth. from the Eaft towards + he 
80ufh, 32 deg-34:min. as was required. —_— 
"Bur if the © Alrirude -obſerved;-viz. 36 degreek 
45 minnes,” had been in the afcernoon , having the ſame 
.- 20 pres Northwards, viz. 14 degrees, 45 minuts,, 
| the © Spns-heighth in the Vertical Circle, will 
be be found (asbefore'?) 17 degrees, $3 minurs. E 
S by: aximarh will LEA, be 0s the Weſt tow 


I, 
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Pradical Geometry: 


Example ſecond, In theLatitude of 56 deg,the 19 day 
of April, 1665s, in the afternoon + 7 obſerved with my 
Quadrant the @ Suns Alritude, ad found it 43 deg. 
45. min. The @ Sun then having 14 deg. 45 min, of 
North declination, by which I found C according to 
the 19 Chapter) the @ Suns Alritude in the Verticall 
Circle 17; deg. 53-min. and conſequently his. Azimuth 
from the Weſt, rowards the Souch, $54 deg. 15 min. 
as was required, 

- Here note, that when the declination of the © Sun 
15 North- ward; if the Altitude of the © Sun obſerved; 


and 1s heighth i in the Verticall Circle be equal, then is 


the. © Sun dire&ly Eaft or Weſt. But if the @ Suns 
Alcitude obſeryed be greater: then is his Azimuth ro- 
wards the South. And if it be leſſer, it is towards the 
North, | 


- Bur, if the declination of the @ Sun be Southward, | 
then by the 18 Chapter, finde the © Suns Amplitude 
This done, take the fine of the }\i 


for the day propoſed. 
©Srns Altitude obſerved; and with this diſtance ſet- 
ting one foot in the Co-ſine of the Latitude, with the 
other lay the threzd to the neareſt diſtance, and let=- 
ting the threed ly ſtill in this poſition, rake the neare 
extent thereunto from the fine of the Latitude. And 
this diftance add to the fine of the @ Suns Amplitude, 
(by ſerting one foot in the fine of the Amp] ode, and 
extending the. other, upon the line of fines Theſe rwo 
being thus joyned, rake them berwix' Yai? Compaſſes, 
'and ſerting one.foot.in the Co-fi ofthe © Suns Alti- 
tude, with the other lay the threed. to the neareſt df 
ſtance, ſo ſhall jt, ſhew upon the. limb, the © Suns Azi- 


murhr from the Eaſt or Net, towards the South. 


Example | 


$4. Pracaical Geometry, 

Example firſt, Suppoſe the Latitude of the plactito 
be 56 degrees, and the'® Suns Altitude obſetyed (by 
a Quadrant) in the forenoon 17 deg. 3o min. and his 
declination 1x deg. 3o min, Southwards, By which 
Declination, I find the Suns Amplitude (according td 
the 18 Chapter) 20 deg, $3 min. And conſequently 
the Suns Azimuth from the Eaft towards the Sourhy 
$7 deg. 8 min, as was required, - -- 

Example ſecond, In the ſaids Latitude of 56 dev 
orees, the Suns Altitude obſerved in the afternoon, g 
deg. 15 min. and the Sans declination 20 deg. 12 min, 
Southwards, his Amplitude will bee found 38 deg. 26 
min, and his Azimuth 6o deg. 35 min, from the Weſt 

towards the South, as was required. 
' T have been large jn this Chapter, becauſe of the 
_ excellent uſes that is to be made thereof, both for Sea 
and Land, Forby knowing the Azimuth, or point of 
' the Compaſſe, that the Sun bears from us, its eaſfie to 
finde a true Meridian line, and thereby the Coaſting 
of a Countrey, the Site of a Building, and Variation of 
the Compaſle, &c, 
their proper place, 
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a CHAP. XXI1. | 
To find fog Rewr of the Day by the Quadrant. | 


Fi 
F'the declinatiof)] of the © Sun be Northwards, find | 
the heighth of the'@) Fun, at the hour of ſix (accor-þ 
ding to the 20 Chapter) berwixe which fine, and-they 


Tan of the © Suns Altitude obſerved,” Take the di-F 


Of which, 7 ſhall briefly couch, ia} 


in © oy we, 
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Praticel. Geometry: 


| ftance uppn the line of fines, with which diftance,, ſer- 
ting one foot in the Co-fine 'of the Latitude, with the 
other lay the threed to the neareſt diſtance, and ſo let 
it ly ſtill.jo that poſition ; : Then ſetring one foot of 
your Compaiſes in the ſine of 90 degrees, with the 
other rake the neareſt extent-unto the threed, and with 
this diſtance, ſetting one foor ih the Co: fine of the © 
Suns declination, with the other lay. the threed to the 
neareſt diſtance, ſo ſhall it ſhew. upon: the limb, the 
quanticy of time, from the hour of ſix, 

Example firſt, Suppoſe. the Latitude of-the place 
to be 36 degrees, . And the @ Suns Altitude obſerved 
Cin the forenoon,) 26 deg. 15 min.. and his declina- 
rion 13 deg. '$ min. By which 7 finde his .Alcixude at 
the hour of fix, to be 10,degs 45 min, and conſequent- 
ly the threed upon the limb falls on 28 deg. oo min. '; 


ws &# \ 
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which convertetl into:time (by allowing. 15 degrees | l 


to an hour, &c._) gives one hour 52 min. paſt fix, that 

is 8 min, before cight a clock in the morning. i" 
Example ſecond, The Latitude being (as before || 
$5 degrees, and the ©:Suns alticude obſerved 33 deg» ij} 
I5 min. and his declination 20 deg.:12 min, his Alti- 
tude at the hour of ſix, is 16 degs 30 min, and conſe- 
quently the threed upon the limb falls on 3o degrees, 
thar is two hours from fix, which is four a clock in the 
afternoon. 

Here note, that when the declinarizn of the Sun is 
Norchwards, if the Altitude of the Sun. obſerved, and 
his Altitude. at the hour of ſix bee equal, then it is 
juſt fix a clock: But if che Altitude obſeryed bee 
greater: then js the rime found,to the Southward of the 
hour of fix. And if it be lefſer,ir i is to the Nerthwards 
of the hour of ſix, 2 Bur 


56 Practical Geometry. 
"Bar if the Suns declination be Sourhwards, take the 
fine of the Suns depreſſion at the hour of fix, (accor- 
dihg ro the ſaids 26 Chapter ) and adde it to the fine 
of the Suns Alritude chilered, (by ſerring one foot in 
the ſine of the Suns Alcitade, and extending the other 
ypon. the line of fines,) Theſe two being thus joyned 
ragether in one, take them berwixt your Compaſſes, 
and ſerring one foot i in the Co-fine of the Latitude (as | | 
before) with the other lay the threed to the neareſt 
diſtance, which ler ly till it: this pofition. And from 
the fine of 90 degrees, take the neereſt extent thereun« 
to, And with this diſtance ſerting one foor of your 
Compaſſes in the Co-ſine of the Suns Declination, with 
the other lay the threed to'the neereſt diſtance, (0 ſhall | | 
it ſhew upon the'limb, the quantiry of time from the 
Hour of fix, © © | 
. Example firff , Suppoſe the Latitude of the place toy , 
KM 3 $6 degrees, "aid the Sutis Altitude obſerved in the | 
. forenoon, 18 degrees, oo minuts; And his declination | 
d $ degrees, 30 minurs, Hence his depreſſion at the | 
hour of fix, is, 9 degrees, 3o'miturs + And conſequents | 
1 the. threed will fall upon 6o degrees,oo min. on the |; 
'Titab, thar is, four hours'from fix,” and therefore thi | 
- time of the diy i 1s ten a clock in the forenoon, -. uy 
Example ſecond, The'Latituile $6 degreey, and: thi | 
Sans Altitude obſerved (1n the afternoon) 7 degrees, | 
-$ minues, *ant his declination 20 degrees, 12 minuts, f 
Hence his depreſſion ar the hour of ſix is 16 deg. 38 f 
" mfn. 'And cotiſequently, 'the threed will Fall upon $2þ 
: . eg. 30 thin. whoſe complement, 37 deg. Zo min, |: 
' cotiverted Tnto "time, mikes'two hours,” Zo min, fot | 
- the time of the day, aSwas required,  +K 
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But ſometimes, (at Sea eſpecially) you will not it 
firſt know, whether it be forenoon or afternoon; ba 
this may be eaſily known by making a ſecond 'obſery#? 
tion with your Quadrant ; and then, if you find 'the 
Sun to riſc higher , ir is the forenoon' ; ; but if it be- 
come lower, it is the afrernoon. 


bs 


CHAP. XXIIL 


To finde the Declination of any Wall or Plane. 
by the Quatlrant. 


T declination of any Wall or Plane, is nothing ets 

but the diſtance ( or number of degrees and 'mj- 
| nuts ) between the Horizontal Line of the faids Wall 
| or Plane, and the line of Eaſt and Weſt. And there 
{ fore to find the ſame : Firſt, Draw an Horizontal (or 
| Level ) line, upon the Wall or Plane, apply the de 
| of your Quadrant thereunto , ſo as the limb maybe 
towards the Sun , and the plane of the Quadrant may 
lye paralle] ro the Horizon. Then" having a looſe 
Threed and Plummet, hanging ic down ar liberty jn 
| your rjghr hand, cloſs by the edge or limb of the Qua- 
| drant : move your hand hither and thither, until the 
ſhaddow of the threed paſſe dire&ly through the Cen- 
ter of the Quadrant, Which done, obferve how many 
degrees and minnts the ſhaddow cuts, from thar fide 
of the Quadrant which is perpendicular ro the Hort- 
Zontal line. , For that Angle is called the Horizon- | 
tall diſtance. Ar . the, ſame moment of 'time C Oc 
as necr as may bc) obſerve i the Suns Alcitude,by which 
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you are to find the Suns Azimuth from the South, 26s, 
cording to the 13, or 21 Chapters, 

Aﬀrer this, conſider whither the ſhaddow of the; 
threed did fall betwixt the South , and the Perpendi.. 
cular fide of the Quadrant, Or whether the ſame ſhad- 
dow did fall ſo, as toleave both the South, and the: 
ſaid Perpendicular fide both of them) upon one coaſt; 
of the ſhaddow. In the firſt caſe, you muſt adde.; 
the Horizontal diſtance to the Suns Azimuth. In the. 
latter eaſe, you muſt ſubſtra the leſſer out of the 
greater, The reſult C whither it be ſum or diffe- 
rence) gives the declination of the plane from the South 
towards the Eaſt or Welt, 

Here note, in the firſt caſe, that if the ſum of the 
Horizontal diſtance and Azimuth, do exceed 180 de- 


(contrary to that Coaſt whereon theSun ſio6d,and will 
be) found by ſubſtrating the forementioneq ſum out, 
of.360 degrees,” This happens more ſeldome, that is, 
only upon ſome North Planes, and on them roo : Only: 
then when. the Suns Azimuth is. more then go degrees 
from the South , and the Horizontal diſtance more. 
then is the Sans Azimuth from the N orth. 
Moreover, jn the ſecond caſe, yan muſt note” alſo, 
that if the Horizontal diſtance; bee greater then chi 
© Suns Azimyth ; then doth the plane decline to thal 
Coaſt CEaſft ar weſt) which is contrary to the Coat 
on which the © Son ſtood from. the South, and this 
falls our yery frequently. _... 
_ Example fifſt, May 16, 16 6 5. in the Pordhions, T.: ; 
made tryal of the declination of a. Wall, and helding 
the cdge of my Quadrant < leyell) cloſs to the Wall, I ; 


wt —_— 
. 
. 


F 
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obſeryed 


grees, then the planes declination from the South ; is - 
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'] obſerved that the ſhadow of the. threed did fall be® 

ewixt the South, and the Perpendicular fide of the Qua” 

dratit on 15 degrees (from that fide of the Quadrant, 
which was Perpendicular to the. Horizontal line} and 

'# ſo much was the Horizontal diſtance, —.[mmediat- 

ly after, 7 obſerved the'@ Sans Altitude, and found it 

5o deg. 15 min. having North declination 21 deg. 16 

| min, Hence -(according to the 13 or 21 Chapters) F 
found the © Suns Azimuth from theFouth,towary's the 

1 Eaſt;2g deg. 2o min. 

Now confidering:that the ſhadow of the threed did 
fall berwixr the Sourh, and the Perpendicalar fide of 
the Quadrant, therefore IT adde the © Suns Azimuth 
38 deg. 3o min. unto the Horizontal diſtance 15 deg. 
the ſum is 53 deg. 3o min. for the declination of rhe 
Wall from the South, towards the Eaſt, as was requi- 
red, 

Example ſecond, Upon the foreſaids x6 of May, 
1665. 1n the forenoon, I made tryal of another Wall 3 
and holding my Quadrant (as is before ſhewed) T7 ob- 

| ſerved that the ſhadow of the threed did fall Co as it 
Tefr both the South, and-the Perpendicular fide of the 
Quadrant, upon otic Coaſt Cviz. Weſtward) of the 

ſhadow )- 49 deg.3e mip. for the Horizontal diſtancez || 

————Preſently after, 7 obſeryed the © Suns Altitude, J} 

and found ir 53 deg. 3o min. his declination being } 

Cas befpre_) 21 deg. 16 min, Hence his Azimuth from 

the South, towards the Eaſt, was 20 degrees. --'. 
Now confidering that the ſhaddow of the threed did | 

fall fo, as it lefe both the South, and the Perpendicaler | 
fide of the Quadrant, apon one Coaſt (viz. weſtward) 


of the ſhadow ; ' Therefore, 7 ſubſitraR the @ Suns _—_ | 
mur 
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Hide af che: Quadrant, viz, IH, muſt needs be Perpen« | 


| $1 
| 
| 


muth 20 deg. oo min, being the leſſer namber, from " 
the Horizontal diſtance 49 deg. zo min, being [1 . 
greater, ad rhe Refidue 29 deg. 3o min. is the true 2 
clination of the Wall, from the South. towards the Welh 
as was required, ; of 
Moreover, becauſc the Horizontal Aifavce | Is great. 
er then the Suns Azimuth from the South, this ſhews 
thar the plane or Wall declines from the South towards 
that Coaſt (viz. Weſtwards) which is. contrary: to that 
Coaſt viz. Eaſtwards) where the Sun was from the 
SFouth at that time of the obſcryarion. 
—— | BY Þ: / t*kf 


For the better illuſtration of the premiſſes, 7 ſhall 
here demonſtrate, and: that Geomerrically, how the 
declination of a Wal! may be found, as in the laſt. ex-; 
atnple : 'wherefore holding the edge of my Quadrant 
AL, to the Cgavell or) Wall of this houſe, the other 


dicutar ro $hge Horizontal or leyel line drawn on the | 
J*3 Walk. | 


"BE 
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Wall. The Sun ſhining, 1 hang forth a Line andPlumer 
as F K,moving It tro & fro,until the ſhadow thereof fall 
upon the Cenrer I, .at which rime ſuppoſe the aids 
ſhaddow falls on 49 deg. 39 min. (being counted from 
the Perpendicular fidel H ,4 from H to V, his Altitude 
being 53 deg, 30 min. and conſequently his Azimuth 


—__ 


[1 
if 
from the South, towards the Eaſt, was 20 degrees 3 3 | 
this being known, with your Compaſſes opened to the || 


Radius of the linc of Chords, deſcribe the Circle || | 
AVEHLMNF repreſenting the Horizontal Circle, | 


! 


through 


' 


Li} 
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ſhall repreſent the Horizontal line 4 I, made (hy the 
edge of your Quadrant) upon the Wall. Then devide 
A HM, into two equal parts, the midft is X, by which 
point H, and the Center 7, draw the line 1, repre» 
ſearing the Perpendicular fide of the Quadrant IH, in 
the former Figure, Now ſeeing the Horizontal di- 
ſtance is 49 deg. 3o min. therefore take 49 deg, 30 
min. from your line of Chords, and ſet from #, Eaſt- 
wards, to V, and ſo draw the line / 7, repreſenting the 
line of the ſhaddow. Then take 20 degrees from your 
line of Chords (being the Suns Azimuth from the Sonth 
towards the Eaſt_) and ſer from V Southwards to E, 
and ſo draw the line Z 7 F, which ſhall be the Meri- 
Jian line : E being the South, and F the North points 
| fhereof, Laſtly, rake go degrees, (being the length 


I, er L, and ſo draw the line IL, repreſenting the 
No of Faſt and Weſt, ſo ſhall the Triangle ( AT 


or L I M) made berweek the Horizontal line of 
Wall-4 1, and the line of Zaſt or Weſt 7 T, be the 


- " of the Walls declination here required. Which: 
4 r (or L M) being applyed to the line of Chords. 
ag 29.deg, 30 Min, and ſo much the ſaids Wall de- 


clines from the South, towards the Weſt, as was re- 


quir ed, 
I have been the larger in theſe examples, becauſe I 


would have the Reader to underſtand and pra&ice the. 


ſame, for the finding of the declination of a Wall, this 
way I have preſtribed is infallible,” whereas the Needle 
and Compaſſe ( though never fo large) is (in every 
Cltmate 


through 'the Center 7, draw the line A I M, which; 


af .the whole line of Chords ) and ſet from Z or F, to. 


| 
| 
; 
| 
' 


&y 
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Climate) fubje& ro Variation, and conſchuently cat 
nor exhibir the true declination of any Wall. 
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CHAP. XXIV....- 


To finde the exaG heighth of a Hill , Tower 3 
_ Caſtle, or Steeple, that 15 Inacceſſible : 


by the Quadrant. 


Caſtle, Hill, Tower, or Steeple, may happen to be, 
ſo ſciruare, as it may. be either difficult, ( dange- 
rows, ) or attogether impoſſible ro adyance - to the baſe 
thereof, by reaſon of Rocks, Hills, deep Rivers, Lochs, 
| Ditches, or Moſſes, &c. Or dangerous for a mans life, 
be the enemies ſhot from-the Caftie or: Tower. For 
which impediments we uſually call - ſuch places Ingc« 


cefſibles 
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Now to finde the Altitude of any Houſe or Tower, 
that is acceſſible, 7 haye already ſhewn you in the 27 |} 
Chapter. 


>, 0 


' 
4 


——_——— , n—— ——— = 
- —— —O<— Ta 0% : 


64 Om: Pratiical Geometry. 


Chapter of my TVranoſcopia,' and in this Chapter I 
ſhall briefly demonſtrate, how the exa@ heighth of 
| - places inacceſſible may be found. L 
Suppoſe it were required to finde the Altitnde of 


this Tower, 

You muſt make choice of two conyenient ſtations, 
at which places hold up your Quadrant rowards the 
| Tower, looking through both the ſighrs thereof, untill 
' .you eſpy the yery ſummity or top of the Tower. Then 


mark | the fall of the Plummer ] where the threed and 
Plummet cuts the ſquare, or ſcale (of equal parts) and | 


if the threed at both ſtations fall on that fide of the 


ſquare next the ſights (called points of right ſhaddow.) 


Then ſubſtra&@ the leſſer from the greater: And ſay, As 
the remainder, (of right ſhaddow) is to the whole 


* efue heighth aboye the levell of your eye, .-. 
As for Example, Suppoſe the threed and Plummer 


ſcale, ſo is the diſtance between your ſtations, to the | 


_ at the firſt ſtation falls on 80 parts. At the ſecond fia- | 


| tion, on 6o parts, both on Umbra Refa. Therefore I 
fabſtra& 60 the leſſer , from 80 the greater, and the 
femainder is 20, Imeaſure the diſtance between my 
two ſtations, which I ſuppoſe tobe 24 foot, and the 
fide of the whole Square or Scale being devided into 
xoo-cqual parts, I ſay, | 

*: If the remainder of right ſhaddow 20 

:: Give the whole Scale or Square 100. | 

What will the ſtationary diſtance 24 foot give 2 

' Anſwer, 120: foot for the Altitude of the Tower 
' _ ©  aboye the Level of my. eye, as was required. . 


The 
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| The ſEcond Rule. 

But ſuppoſe at my firſt ſtation che Threed and Plum- 
met ſhould fall on Umbra Verſa, and at the ſecond ſta- 
rion upon Umbra Rea : What ſhall I then do 2 Anſw. 
Reduce the parts of Umbra Verſa, into parts of Umbra 
Reda: thus, Multiply the fide of your Square or Scalc 
by it ſelf, the produd devided by the parts of Umbra 

Verſa, which the Threed and Plummer did fall on: 

The Quotient will be the parts of Vmbra Rea (cqual 
to the former parts of Umbra verſa) from which Quo- 
rienr, ſubſiraGt the parts of Umbra RefFa, which your 
' Threed and Plummet did fall on, at your ſecond ftati- 
on, Note the remainder, and meaſure the difiance be- 
tween your two ſtations. And then ſay as before, 
——— lfthe remainder, give the whole Square; what 
- will cheſtationary diſtance give? Anſw. The true Al> 
titude required, 

Example , Suppoſe rhe Threed and Plummer (at 
the firſt ſtation) fall on 25 parts of contrary ſhaddow, 
and at the ſecond ſtation, upon 80 of right ſhaddow. 
Aud ſuppoſe the diſtance between the two ſtations to 
be 400 foot (that is 133 yards 1—3) Now 
I multiply the ſide of my Square (* which is devided 
Into }} 100 ( equal parts) by it ſelf ( viz, 100) the 
produ is 10000, which I devide by 25, (the parts 
of contrary ſhaddow, which the Threed and Plum- 
met did fall on, at the firſt ſtation. ) The Quotient 
15 4oo (Parts of right ſhaddow, equal to 25 of : contra- 
ry ſhaddow ) from which I fubſtraR 80. (The pares 
of right ſhaddow ar the ſecond ſation) reſts 329. This 


known, to find the Altitude of the Toyer , [ lay as 
before, 


"I If | 


X 
”-” _—  —” wEr- Yo err To _ * 
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If the remainder Of right ſhaddow 320, 
Giye the whole Square 1co, 


What ſhall the ſtarionary:diſtance-400 foot give ? 
Anſw. 125 foor, for the exact Altitude required. 


The third Rule. 

+ - Finally, if at both your ſtations, the threed and 
Plummer falls upon contrary ſhaddow, then at your | 
firſt ſttarion ( furtheſt off ) hold up your Quadrant to: 
wards the Tower or Hill whoſe Altitude . you require | 
and obſerve diligently rhe parts of contrary ſhaddow, 
which the threed and Plummet falls on, Then ſappoſe 
the heighth of the Tower, Caſtle or Hill to bee 20, 40, 
8o, 100, or a 1000 foot high, (for you may ſuppoſe | 
any number whatſoever you pleaſe to bee the heighth | 
thereof. ) Then ſay, -———As the parts cur, Is roif 
the whole Square 3 So is the ſuppoſed heighth ( make | 
ir what you pleaſe as 7 ſaid before, ) To the Quotient 
ar the firſt ſtation. 

' Then adyance to your ſecond ſtation (CC nearer hand 
tb your objeR) -ſome certain number of ſcores, paces, 
or foots, according as ſafety or convenience will pet- | 
mir (which your diſcretion will inform you) which } 
"done, art the ſajds ſecond ſtation, you are to obſerye 
 thete alſo by your Quadranr,. ( as before is ſhewed _) 
|. 'the parts cur, Which known, then ſay again ——— 
As the parts cut, is to the whole Square ; ſo'1s the. 
(former ) ſuppoſed heighth, To:the Quatichc at the |} 
ſecond ſtarion. * 

. Laſtly, Theſe obſervations thus made, ſubſtea& the 
-efſer Quotient from the greater; and the remainder - 
will be the difference of the (rwo)) Quotients, Like- 
wile, 
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your tWO ſtations : both which being known, then to 
finde rhe true Altitude of the Hill, or' Caftle, ſay, 

As the difference of the Quotients, is ro the diftance 
berween your ſtations ; So is the former (ſuppoſed ) 
heighth co the truc heighth, above the leycl of your 
eye. | ; | 
F Example, Suppoſe I to be a Tower, built og a Hill; 
or Rock, whoſe Altitude, I defire co know, above the 
Levell cf my eye, ſtanding at my two ſtations Hand A, 
Wherefore I make 4 my firſt'ſtation (- furtheſt off.) 
where holding up my Quadrant towards 7, I finde the 
threed and Plummet to fall on 10 parts of contrary 
Ihaddow, and 7 ſuppoſe the Altitude of the Tower 
and Rock 1.1, (above the Level of my eye) to bee 5g 
{ or I might have ſaid a 100, or a 1000 ) foot high, 
———— —Then, as the parts cut 10, is to the whole 
Square 1003 So 15s. my ſuppoſed heighth 5o, to my 
firſt Quotient 500, 

This done, I advance to my ſecond ſtation at Hy, 
where I find the threed and Plummer to fall on 25 
parts of contrary ſhaddow ; which known, 7 ſay 
again As the parts cut 25, js to the whole Square 
100 3 So1s my former ſuppoſed heighth go, ro my 
ſecond Quotient 200, which ſubſtrated from the firſt 
Quotient 500, reſts 3oo for the difference of the ſaids 
Quorients, : 

This done, 7 meaſure the diſtance between my two 
ſtations A and X, and (ſuppoſe) I finde it a 150 yards, 
that is 450 foot; | | 

Finally, to finde the true Altitude I L, Iſay, —— 
As the difference of the Quotients 3oo, is to the ſtatio- 

nary 


F 
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wiſe, Meaſure how many :yards or foots, it is between 
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” nary diſtance 4 i, 450 foor 5 So-15 my (former). 
poſed heighth 5o foor, to the true Alcicude. of the 


Rock and Tower I L,75 foat,,. aboye the Leyel ofin 
eye, at A aud H, as was required, 


'I have been the Jarger in theſe examples, partly 
| becauſe T intend ir as an Introduion to another great 
er work of Geometry, which I reſolve ( God willing ) 
ro erfit 2 and partly alſo, becauſe I would have the 
renotant (for whoſe ſakes this 1s principally inten; 
ded) with the better facility to underſtand the ſamez; ; 
for' when f was-a'yoling Student, theſe things were ex) 
ceeding difficult to me, as having neither Author mor? 
Teacher, for my -addrefſe. But through the goody | 
acſlſe of God, and rhe irrefiſtable promptirude-* 
innare inclination of my Genius 3 Mavgre all Jifffeuls | 
tics (enongh to have cruſht my intentions, when 


firſt budded, yer ) [ obtained that which [ fo irfa hk 
defired. 
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CHAP, XXV. 


To find the exadt diſtance to the Perpendicular 
baſe and Top of any bigh Hill , Caſtle, or 
Tower, by the Geometrical Quadrant. 


T2 doe this, you muſt firſt know (by help of two * 
ſtations_) the true Altitude of the ſaids Hill, Caſtle 
or Tower, -according to the Prececding Chapter? tobe- . 
ther with your two Quotients, and their Quotient Dif- 
ference, made at your two Stations; and haveing Mca- |: 
ſured the Diſtance between the ſaids Stations. Then w 4 
| - findethe Diſtance from your firſt Station, ro the Fats. 
' pendicular baſe of the Hill, Caſtle, or Tower- SAY 
—As the difference of the Quotients, 15 tO. the dl- ; 
ſtance berween yoiir ſtations ; So is the Quotient - 
Cauniber) made at the firſt ſtation, to the true diſtance  - 
berween the Perpendicular baſe of the Hill, or Tower, 
and the firſt ſtation. From which, if you ſubſtrat 
the diſtance between your two ſtations : The refidue 
will be the exa& diſtance of the Perpendicular baſe of 
the (aids Hill, Tower, &c, from the ſecond ſtation. 

But to finde the Hypothenuſall diftance, thart is, che 
diſtance aſcending berween your eye,(at either of your 
ations, ) and the Perpendicular Top of the Hill, of 
Tower, &c, add the Square of the length of the baſe, 
unto the Square of the Hill or Towers height; The 


Square root of the aggregate will be the Hypothenuſall 
diſtance required. 


Example, Jn the preceeding Chapter; from the 1t- 
F vell 
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vell of my two ſtations H,8& A, I found the Altitude L | A 
to be 75 foor, and the firſt Quotient [ anſwering to my. 


& 
4 


90 


firſt ſtation at A} is 500, and the ſecond Quotient 200, 


Hence the difference of the Quorients is 300, and mea. 
ſuring the diftance between my two ſtations A and H, 
ſappoſeT find it [_ as before | 450 foot, This known, 
To finde the Diſtance K F, I ſay. 


| As the difference of the Quotients 300. : 
Is to the diſtance between my rwo ſtations K and1 
450 foot, p 

So is my Quotient number made at the firſt ſta 
rion '500, ; 

To the diſtance of the (Perpendicular) baſe L, from 
the firſt ſtation A, 750 foor, from which I ſubſtra& the 
aiftance between my two ſtations A and H, 450 5 
reſts 30o foot, for the diſtance of the (Perpendicular } 
baſe L, from the ſecond ſtation H, as was required. 
So that if It were required to begin a Myne at A Of 
H, for blowing up of the Tower LI, Then I ſay, that 


| Prafiical Geometry. 7k | 
K if yor ſhall dig the ſaids Myne Horizontally from H to 
'# L, you muſt dig 300 foot from the fads point H, Dee | 
\Þ fore you can come under the Tower at L. Andif ye 
'| ſhould begin ro dig your Myne at A, then you muſt dig 
'' 750 foot, before you ſhould be exaQly under the ſaids 
; Tower, 
q But in Mynes digging, for blowing up of a Tower 
- or Caſtle: Suppoſe you begin at H. Then as you dig 
forwards for every ſix foot of length which you dig; 
* you muſt riſe ſlope-wayes ( above the levell of che 
entry at H ) half a foot, or ſix inches; for the better 
# carrying forth of the rubbifh, and alſo for the more 
& facile ingreſſe, and greater reſiſtance of the yiolence 
F of the Powder, when you are to give Fire, &c. _ 
mW This Conclufion is only prattiz'd in time of War, _ 
© againſt an enemy when beſieged in ſome ſtrong Caſtle, - + 
& Tower, or Fort. Where Battering cannot prevail, 
& uſually Myning will. But God of his mercy and grace 
grant us peace, Amen. 
” Laſtly, to finde the Hypotheniſall diſtance AK. I 
;- add the Square of A F, the heighth 5625, to the Square 
dt. of the baſe F K, 562500. The Aggregate is 568125; 
.2 Whoſe Square root is 753 foor, 427 —576, that is al- 
47 moſt nine inches, In like manner, for the Hypothe- 
+ #uſall diſtance AT; the Altitude A E 75, its Square 
5.5525, added ro the Square of the baſe ('F I goo ) viz. 
0000, The Aggregate Is 95625, whoſe Square root 
2s 30g foot, rwo inches and 998 —1403 parts of ani 
Atch; as Was required. 
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CHAP. XXVI. O-” 
To know exatily how far any Ship , Mark, on © 
other Obje& is diſtant from you : Tour ſelf 
ftanding on ſome high Tower, Caſtle, or 
Hill, by the Sea- Coaſt. 


His, and the two preceeding Chapters, are of &N 
-— cellenc uſe, for all ſuch as ſhall haye commited 
thejr charge aoy Plat-form with Cations, either fol 
Mooring from, or againſt any place or objet. Fol 
| hereby you may exaRly at the firſt view, know thi 
diſtance to any Ship on the Sea, or Mark on the Lak 
So that having a Table of randoms made, and mopyit 
ing your peece accordingly. - There can no Veſſel, 4 
' - Obje& (tholigh it be beyond point Blank, yet) if ir 
+ .- within the reach of your greateſt randome, but yg 
may-(with your Cannons) at the firſt [firing] do exe 
cution, ane never beſtow yaiti ſhot : And therefore;# 

You muſt firſt know the true exa& Perpendiculi 
heighth.of che Hill, Tower, or Caſtle (acsording ay 
ſhewed in the 14 Chapter ) above the water or groul 
Level. Then ſtanding on the top of your Tower, & 
hold up your Quadrant, looking diligently rthrot 
both the fights until you eſpy the mark or obje&, w I 
diſtance you defire to know. And ſo obſerve the pal 
_ catby the Threed and Plummet. Which being kt 1W 
To finde the required diſtance, Say, ——— As U 
parts cut, is to the whole Square, . or Scale; So15U 
Perpendicular heighth of rhe Mill, Tower or Caſtle, 5 
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gitude and Altitude, and the fquare root of the APP 
gate, will be the Hypothenuſal diftance required. 

As for Example, Suppoſe it were required (ſtan 
ing in the Towerat H) tofinde the diſtances berwe 
the Perpendicular Baſe L, and the objeR at IT, and a' 
between the top of the Tower. H, and rhe aids ma 
atl, Wherefore holding up my Quadrant,and lookt 
diligently through the ſights thereof, until 7 efpy t 
Hull of the Ship, or thar part of her that is_ next t 
Water, asatI, At which time ſuppoſe the Thre 
and Plommet fall on 10 parts of contrary ſhaddou 
And ſuppoſe the'Altirude of the Tower HL-rober 
foor, This known , To finde 'the diſtance of the 
ſigned mark br obje& T, from the Perpendicular Ba 
of the Tower at L, I ay : 

As the parts cut 10, Is to the whole ſide of t 
Square 100. 
So 1s the Perpendicular Altitude of the Hill | 
Tower H L, 120 foot. 
To the true diſtance between the Baſe of the Towe 
and the obje, viz, LT, 1200 foor. 
,--Next, to frad the Hypothenuſel diſtance (repreſent, 
3a the Diagram by) HI, being the diſtance from | 
top of the Tower H, unto the objet or mark at 
The Longitnde or Diſtance LI, 1s, 1200 foot : whit 
. multiplied by 1t ſelf, the Produ& 1440000 Is the ſqua 
thereof. 

In |tke manner, the Altitude of the Tower H L, 
120 foot, whoſe Square is 14400. Theſe two Squar 
added together » the Aggregate i5 1454400. Who 
Qnadrate Root is 1006, and 15, part of ah Inc 

And ſo much is the Hypothenuſal line H ], or the « 
| ſtan 
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Ire2) | tance of the mark or obje&at I, from the top of the 


4. - Tower atH, as was required. 
nd-! 


' 
0/2 


Another Example , Suppoſe the Altitude of the 
q1 ar Tower HL, to be 200 foot high, and that the Threed 
.- and Plummer did fall on fonr parts of contrary ſhad- + 
wety dow. Then the Longitude or Piſtance LI, will be 
* found 5000 foot, For, 
need As the parts cut by the Threed and Plummer 4+ 
m the Ts to the whole fide of the Square ( devided into J 
at T, Io, 
yhich So1is the C Perpendicular ) heigth of rhe Hill or 
quait: Tower HL, 200 foot, 
To the true diſtance or length L I, between the 
L, #;Baſe of the Tower L, and the obje&T, 5000 foot 
Juar rev which is a myle ) as was required. 
/ Bur to find the Hypothenuſal (or ſlopping) diſtance 
IH I, between the top of the Tower H, and the obje& 
I, [ rake the Longitude LF, $000, whoſe ſquare is 
/ 25900000 


+ 
Q 
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25000000, and adds the ſaids ſquare, unto the ſquar, 
Of the Altitude H L, 4goooo, The Aggregate i 
28040000, whoſe Square Root 1s about 5004 foot, fa 
the Xypothenyſal diſtance H IT; as was required, 

Thus, with your Quadrant, you may know al 
heights, depths and diftances, acceſſible or inacceſſible 
Together with the Suns Declination, Amplitude, Alri 
tude, Azimuth and hour of the day, &c. in any Lati 
rude or place of the earth whatſoeyer. ras 


CHAP. XXVIL 


To finde the exati diſtance to any viſible mark, 
or objed in the field, both Geometrically, 
Arithmetically, and according to 
nf  Trigonometry. | 


Or the more facile reſolution of this (and all ſucl 
'* like ) Geometrical concluſion, and that the igno 
rant may meet with no obſcuriry therein, 7 ſhall en 
deavour to be as plain, in the ſeveral Operations, a 
Poſfibly 7 can. And therefore , you muſt firſt of ' al 
cauſe your Quadrant to ſtand faſt on the top of ſom 
ſtaffe (by meas of ſome ſcrae, or vice J and upon th 
Center thereof (in ſtead of the threed and plummet. 
fix a ſmall Index {made of Wood, a little longer thei 
the Radius of your Quadrant) which muſt torn about 
as occaſion ſhall ſerye : And upon the fidacial edge 6 
the ſajds Index, muſt rwo ſuch fights be placed, as ar 
on the edge of the Quadrant , that through them yo! 
may look towards your objet, ——Antl yet in m 
ET, ow! 


_— — 
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own frequent practice, . when 7 have not had an Index | 
fixt tro my Quadrant, I have oft enough made uſe of 
or the threed and plummet In ſtead thereof, and been as 
'F exa&with it, as with the Index, and ſo may you do 
} C00, | 

F Your Quadrant thus fixt upon a ſtaffe, and ordered 
" as aforeſaid, Suppoſe B to be a mark or objt& in the 
' fields, whoſe diſtance from your two ſtations A and 
| H, is required. -To do this, thruſt your ſtaffe in- 
| tothe ground at A, and your Quadrant being fixt upon 
-# the trop thereof, dire one of the fides ſo, as ir may 
exa&ly point to B, ( keeping alwayes the Center of 
| your Quadrant next youreye..) Then obſerve where 
| | the other fide dire&s you ( which will be alwayes 
| from the right or left hand, fide wayes towards ſome 
* other place and cauſe one ſet up another ſtaffe a 
| certain number of ſcores of ells or foots (the more 


'$ the better) as here from A to H, and call it your fta- 
uch# tionary diſtance, which ( being meaſured ) we ſhall 
,no-{ ſuppoſe to be 5 yards, 

7 _ 
ab} 
'all,; 
OMe 
the: 
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outs! | 

e This done, rake up your ſtaffe with the Quadrant 
; ares Vpon it, ( and ſet another in its reom, as at A ) then 
you; carry it to your ſecond ſtation atH, and there place 
1 my# Jour ſtaffe, ſirejght up, with the Quadrant fixt on the 
owly top ff 
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Praflical Geometry. 
top of it, This done, turn your ſtaffe abont ( with 
out touching the Quadrant) untill you eſpy ( by tha 
fide thereof, which pointed from your firſt ſtation A 
ro the obje& B, as here from H to A) your firſt Ration, 
This done, turn the index (or threed and Plummer i 
you have no Index) about, untill by the very edge 
thereof, you eſpy your mark or Obje& B. Then marh 
how many Degrees and Minuts (upon the Limbe of the 
Quadrant) the ſaids Index or threed doth cut> which 
here wee will ſuppoſe tobe 73 Degrees, 18 minuts; 


Which knowne; with the meaſured Diſtance between 


the two ſtations, viz. A and H, $o yards, —— Then 
Geometrically, to finde the true diftance of the Objea 
B, from both your ſtations, you ſhall proje& ir thus. 


|: 


Take a ſheet or peece of clean Paper, and thereon, 
firſt draw the line A B, and upon the point A, ralſe the 
Perpendicular A H, ( according as I ſhewed you in the 
third Chapter ) then take 5o from a ſcale of equal 
parts, and ſet from A to H, and then open your Com- 
paſſes ro-the Radius of your line of Chords (which, as 
I ſaid before, is alwayes 6o degrees Y*and with this 
diſtance, ſer one foot in the point H, and with the other 
deſcribe the arch IL. This done, take 73 deg. 18 
min. from the (aids line of Chords, and ſet this diſtance 
from TtoL. Laſtly, 


 Pratiical Geometry; BB. 
Laſtly, lay a rule upon the two points H ahd L, and 
ſo draw the line HLB, untill it cur. the line AB, in | 
the poiar B, Then take the length of the line A B,and 
apply it ro thar ſcale of equal parts, whereof you made 
A H 5o, and it will give 166, 2— yards, for the exat 
diſtance between the Objee B, and the firſt ſtation A. 
In like manner, rake the length of the other line, viz. 
HB, and apply it alſo ro the ſaids ſcale, and it will 
give 174 yards, and ſo mach 1s it between the ſecond 
ftation H, and the Objed 4. 
| T have been the Þrger upon this operation, becauſe 
Cit being once underſtood ) makes way for the reſt fol- 
lowing, and therefore I ſhall be the more breef therein; 
yer not ſo breef neither, but thar the Ignorant ( being 
expert in che premiſfles ) -may eaſily comprehend the | 
lame, 


A 
Now, Arithmetically, T mean by Calculation, to find 
_ the former diſtances of the ſaids mark or obje& B, from 
each ſtation. Wee ſhall ſuppoſe, that the index or 
threed, at the ſecond fiation H, did cut 3o parts, upon 
the Geometrical ſquare, or ſcale of equal parts, 
(whereof the whole ſquare is devided into a x00 equal 
; parts) andler the ſtationary diſtance A H, be (as be- 
| fore) 50 yards, Then to find the diſtance of the mak 
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or obje& B, from your firſt ſtation 4, ſay by the Gol. 


den Rule. 


As the parts cut 3o, .is to the whole Square 

Ioo 5 
So 15 the ſtationary diſtance A H 50 yards, ta 

the true diſtance of the Obje& B, from your 

firſt ſtation A, 166 yards. 23. 

Then to finde the diſtance of the Obje& B, from the 
ſecond ſtation H; multiply the diſtance berween your 
Objed, and your firſt ſtation, by it ſelf; and alſo the 
diſtance between your two ſtations, by it ſelf, This 
done, add theſe two Produds together ; and from 
their ſum or Aggregate , extra@ the [J} Square root, 


Anal. 


ll . Which [7 root, ſhall bee. the diſtance of the Obje& B, 
'from your ſecond ſtation I, as was required. 


As for Example, Knowing the diftance between my 


| 3 firſt ſtation A, and the Obje@ B, to bee 166 yards and 


23, Therefore if you multiply It by it ſelf ( I mean, 
if you multiply 166 yards 2=3 by 166 and 2—3) The 
Produ@ will be 27978 fere, Likewiſe, Multiply the 
diſtance between your two ſtations A andH, viz. 50 
by it ſelf, the Produd is 2500 : Which added tg 27778, 
rhe ſum or Aggregate is 30278, Whoſe [7 Square 
root (being extradted) 1s 174 yards fers, And ſo much 
is the diſtance between the Obje& B, and the ſecond 


tation at I, as was required. 


a 


"The Operation, 


The Square VA B, 166, 2=3 " ; (27778 fers 
of the fide AH 50 \ C 2500 
whoſe Aggregate or ſum 1s 230278, "and 


conſequently the [7 root 15 174 yards, fer, 


Laſtly 
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Laſtly, According to Trigonometry 3 you muſt knows 
that an oppoſite Angle C being known ) gives an op- 
poſire fide. And & contra, i. e. An oppoſite fide (be- 
ing known) gives an oppoſite Angle : And therefore 
in any right Angled Triangle : When you know any 
{ Angle, and the true length of the fide oppoſite there- 
unto ; the complemedr of the ſaids [ known ] Angle to 
go degrees, w1ll give the length of the other unknown 
fide, which is oppoſite thereynto. For in any right 
Angled Triangle whatſoever; where two Angles, and 
the ſide included between them, is all [ three ] known: 
Then the other two ſides will alwayes bee found, by 
this proportion, viz. 

AS any [known] Angle, 1s to its oppoſite fide, 
So is the Complemetit of the ſaids [ known] Angle, 
To the exa& length of its Oppoſite fide required. 


Theſe things, being thus [| neceſſarily | explained WM; 


for the better illuſtracion of the premiſles, I ſhall come : 

next to the demonſtration and praftice thereof, Where, , 

in I ſhall be as plain and breef too, as poſſibly I can, | 
In the Triatigle A BH, we ſhall ſuppoſe, that there 

| is known; Firſt , The Triangle AHB 73 degrees, 


| 2x8 minuts, (* whoſe complement to go degrees, is the | 


Triangle A BH, 16 degrees, 42 minuts, And |) Se- | 
condly, The ſtarionary diftance,or fide A H, 5o yards, | 
Thirdly , The Right-Angled-Triangle H A B, go de- 
grees. Hence to finde the fides A B, and HB, (in the 
firſt Diagram) I ſay, d. IN. 

As the fine of the Angle ABH, 16. 42. 9, 458427 


Is to the Logarithm of irs oppoſite 
iide A H, $0 yards, 
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So is the ſine of the Angle A HB, 73. 18. 9. 981285 
IT. , 580255, 


To the Logirithm of its oppoſite ol 
fide A B, 156 yards, = | :, 221828 


Then to find the cther fide HB, I ſay, 
d., mM. 
As the fine of the Angle A BH, 16. 42. 9, 458427 
Is to the Logarithm of the fide A H,5o yards 1, 698070 


$© is the CRadius, or_) fine of the tO, 006009 
Angle H AB, 90s 00, 


17, 691979 
To the Logarithm of its oppoſite £ 240543 


fide H B, 174 yards, 


As in the Golden Rile, we alwayes multiply the 
ſecond nimber by the third, and devides the Produ& 


WW bythe firſt. So in theſe Artificial numbers, (in ſtead 


of Multiplication and Devifion) wee (onely) adde the 
fines and Logarirthms of the ſecond and third numbers 
together, and from che Aggregate, ſubſtras the firſt 
number, the remainder anſwers for the fourth propor, 
tional number required. 

So in theſe two Trigonoinetrical Opetations, you fee; 
that the diſtance of the Obje&- B, from your firſt tas! 
tion A, is 166 yards. And in like manner, the di* 
ſtance of the ſaids ObjeA B, from the ſecond Station H;: 
is 174 yards, fere. 

Thus I have ſhewn you alj the operations, for ob 
taining the exaQ diſtances of aty place or mark in the” 

F ield; | 


Prattical Geometry. "oe 
if Field, from boch your ſtations. But I leave you to 
make choyce of them , not doubting bur you will em- 


brace and prattice that way of operation which you 
find to be mcſt familiar and eaſe. 
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CHAP. XXVIIL 


of To know what part of the external Superficies 
of a Hill fide, is Levell with the bottome 

0 of a Coal-hengh, or Stone Quar- 

rell, that is digg*d thereon. 


Any are the inconveniences, hazards and damages, 
which thoſe perſons meet with, that dig deep in 
che earth : Whither for Coal, Lead, or other Minerals. 
| For ſometimes their diſcenſion is Perpendicular, ſome- 
6 mes flopping, and ſomerimes Horizontal, &C. accor- 
& | 4iÞg as the Veins of the Earth are diſpoſed. Some parts 
\4Þ Þcing Clayiſh, or Graveliſh, there the deſcenſion is 
16 | more facile ; Other parts more Materiall,; as Coal or 
rs'| Stons, &c. Both which are not alwayes of a like free- 
{| neſs; being ſometimes more hard, and ſometimes 
rt- | More ſoft, as is well known to Coalliers and Quarri- 
ers, &c. 

Bur ſuppoſe they meet with no difficultie nor dan- 
ger in their digging (downwards) but that the Coal 
7«j or Stone may be freely and ſafely won, and the Rubiſh 
removed, Yet oftentimes Water (C which the air in 
the Pit naturally ſucks to it |) doth impede their pro- 
4 grefle, cendamages the Maſters pnrſes, and haſtens the ' 
« } Myners remotjon with bag and baggadge. : 


Now 


| 
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Now when theſe Heughs or Pits are digg*d upot 
Hill-fides (as moſt commenly they are) if the Maſte 
or Myners knew what part of the exrernal ſuperficj 
of the Hill-ſide were leyel with the bottom of the 
Heugh or Pic ; then they might uſe means ro withdraw 
the water, by cauſcing it to aſcend upwards; or eiſe tt 
go ſome other way, ſo that the progreſle of the work 
might not be retarded, 

Suppoſe therefore, that B, #, A, T, bee a Hill-fid 
and on a certain part thereof as at A, there i !s a Heugt 
or Pit ſunk, whoſe deepneſle reaches to 7, from which 
point 7, a leyel line 1s to be ſo drawn, as that ic ma) 
cur ſome part of the external ſuperficies of the Hill. 
fide, as at H, Then the buſinefle is, how to findt 
out (by Art) how far the month of the Heugh 4, t 
from the laids level point H, that 1s to ſay, how many 
foor a man ſhall meaſure down the Hill,from the mour! 
of the Heugh. 4, before hee bee exaRtly leyel with th 
profundiry thereof at 7. 


" . a ” j l ny 
* 26 1 1-2 
Ei on eo AO OA DS IFSC IAC EA Ce Ot. a A Ec... > _ 
G4 w wa « by - =- " = —_ - — TX = « 
. « © * _ « = a a4 - * 
- - _ - 7s - A- a —_ a - 
_ —_— —_  % _— —— « - a9 
— _ "—_ —_ hand —_— ——O_ —_ 
% : . A 


_ Todo which, though there bee many wayes, yet| 
ſhall make choice of thar which 7 ſuppoſe to bee mol 
| familid 
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familiar and caſſe e. And therefore , ſer up 2 : tiffe | 
(ahour three, four, or five. fobt long) Ys neer the 
brim of the Pit or Heugh, as. you can ſafely ſtand, and 
upon, the rop of the ſajds ſtaffe, cauſe yonr Quadrant 
ſo hang, that the Limb and Plummer may: bee dow. 
wards, Then looking. diligently through both 'the 
fights thereof, along the ſapetficjes of the AM; "down 
to. the foot or loweſt part thereef, as here from- A (the 
mouth of the Heiigh) downwatds to B C the bottom 
of the Hill) untill you eſpy ſome'mark (rhete as B | 
( which may.happen to_ bee ſome great ſtone, or a 
tree, &c. ) This done, mark where the threed and 
Plummer cuts the Geometrical ſquare, and note the 
parts cut thereby ( which in this example wee ſhall '1 
J ſuppoſe to bee 12 )) and alſo--the degrees and. minurs 
uypen'the limb of the Quadrant. Which (here) wee 


ſhall likewiſe ſuppoſe to hee & deg. 50 min. 34 ſec. 
J © This knowa,: meaſure the deepneſſe .of” the Hengh 
q &r Pic, wich. lie”; fromthe tqpof the bead Ntaffe 
| unto the bortoin of the Heugh : Which here : i this 
g cxample). we ſhall mppothren FF go foor, that i Is (after 


J fix "<a fot 4 fathom.) 15 fachom, or 30 yards, 
- Now, to know. the length of the Horizontal line 
i (47) , that is, 59.ſay,, the diſtance beryycen' the botrom 
$ of the Heugh, and that part. of the out-fide of i the Hitt; 
| which is 4evel therewith. Say Cby the Golden Rule) 
| thus—— If the parts cur "12, give the whole ſquare 
J x00 3 what ſhall the Profundity of the Hengh AI 90 _ 
& foot give ?.... Arf, Multiply. and devide, and the Quo« * 
Y tient will bee 750 foor ; that is 250 yards for the 
© length of che Horizontal Cor. level) line #7, 


TOY is 098, to figd the lenge of the Hypotbenuſa 4. | 


86. veil ? 1} Gentry. 


Cort Nlopeing) line A H. Adde the Square of (I H 1564 
wvize $625009,.) the Horizontal line, t6 the Square © 
the ads: deepth .C A1 90, viz. 8100.) andfron 
theAggregare Cor ſom): extrad the Square Roor (af 
I ſhewed you in the pregeeding Chapter) and char will 
be.the length berween the top of the foreſaids ſtaffe, 

that. part 'of the hills ſuperficies, which is level 
with che bottom of the {aids Heugh, which the follows 


ang Pperanan demonſtrats, 
| « SLL1U 


S V4 ud 2 
07; ET 


the 6 ) Sat _ 1 C9. 490VR 2 9; cages 
'of the iſ Ti 5697 loot, is) 


_ ut, or Ag greg at Dag byth thefe'is © DEED 
Tg i _ {Oe Inches, es | 


roy wo Rota #2 af eli, ſal (ine: 
- They, ih 7 


at utiderſtdn Hor bb Wy of drerinicad 
bracts bk; the ſame Ge oinerrically [ by Means -< «| 
I 


54 ines of Chords, 3 and e equal parts] or actording 
poet o Both which I hive ck Acts! a 
rated 1n ge, preceding on. er, Beft6s, they tn: 
an univerſal ; pplicarica, in Wer koh ofa of tt Letgehs| 


Depths, and Diſtakce, 'or 4 ay Abgtcs Ghaiher. But 
I na all 


Pravtcal Geometry. $7 | 

i ſhall [ik this Chapter] make vpplicarion [vhly ] of 
the Calcularſohs, according to Trigynmerry. = 

Ia the Triangle 2 7 H, are give ['1,] che Triatiple 
A H 7, fix deg. 50 thin, 34 ſtr. whoſe Compleinerit 
[to 90 degrees | vik. B83 deg. og min, 26 ſec. is the 
other Angle H A I. [ 2, ] the right Atigle 4 I #, yo de- 
grees, and [ 3, ] the fide A I, © foot, Theti to finds 
the fide TH, I lay, | 
| As the {ihe of the Angte oppdſite, ro the know fide 
C or profundity of the Pir AT) 'is to the Logarithmi 
of the depth of the aids known Hat; So is thie fine of 


me Angle made) at your Natibn, (being the moneli 
J of the Þir ar A) to the Logarittim/of the letigth bf the 
J Horizontal line ft. ES 


* Bitbecanſe T Would inake all thibgs as p14in to© the 


J theaneſt capacity, 45 poſſibly I ca + 'Therefore I ſhall 
_ here give you a Syiidpfis of 'the whole Calcolarions 


YC thietedf, accortlitiy to that exceHenr doRrine of Y4izo- 
I wonietry. Th which Operation , 7 ſhall purpoſly omie 


1 the ſeconds, ahd'onl 
4 a5 followeth. | 


20 
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y make uſe of fegrees atid mics, 
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Is to the Logarithm of its oppoſite SS 
fide AI, go foot i, 994242 


$© is-the fine of the Angle H AT, 83, 9. 9,9 2850 3 
11, 9$114S 


To the Logarithm of its oppoſite bs «PD 4 
fide HF, 750 foot, feree yz 075666, 
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- $0 that if- it were required to dig a Myne, or.to' 
work in this Coal- heugh, all along upon a dire& Hort« 
Zontal- Cor Levell) line, from the profundity of the 
PirT; Then Tay, that when they have wrought in 
the Pir, on a ſtreight line, 750 foot (Cor 126 fathomeJ 
they would at laſt cometo- the very external Superfi- 
cles of the hill ar Z7, which would be another Vent or 
Paſſage to, or from, the profandity of the Pit 7. 

- But becauſe this is not the ſpecial thing here in- 
rended, notwithſtanding that it may be of ſingular uſe 
and. importance, and accordingly (by an Ingenious 

man) ,might be applyed co ſeveral good purpoſes, cl- 
ther in time of Peace or War. 7 ſhall therefore leave 
the various Uſes and Applications thereof, ro thoſe 

whom ir may happen to concern-;. and ſhall next come 
to the matter and purpoſe principally intended, viz 
To finde that part, of the external Superficies of the| 
Hill-fide, which is Levell with the profundity of the 
Pitt. Therefore, ſeeing we know the. profundity A h, 


F.. to bego for, and the Horizontal line # I, 750 foots 


Then to find the Hypothenuſal, or third fide A H,1 fay,.. 
d, M. 


. Ay the fine of the Angle AHT, 6. $0. 9, 07 5479 
Ts to the Logarithm of its, oppoſite. - 
Hide AT, go foot, : 

So is the fine of the Angle A TH, - 90s ©0- Io, 000009, 
OY 11, 954242 


To the Logarithm of its oppoſite DOTS 
> tdeAH, 755 foot, 1-3 | 2, 878765 


I, 954242 


Laſtly: 


Prafical Geometry. $9- 
Laſtly, If you take-a'line , and begin at the top of 
the ſtaffe, and meaſure ſtreight down the Hill 755 foot 
and 4 inches, you will come to that exact poiar of the 
Superficies of the Fill (at XZ whichis Level with the 
borrome of the Heugh at I. Which is a conclufion-of 
great conſequence , ro thoſe who are concern'd rhere= 


in, whither it be for Minerals , Stone, Coal or 
Lead, &c, Tb 
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"| To finde the Suns Azimuth, and hour of the day 


0 moſt exacily, eafily and Aftificially with- 
c out any Inſtrument : Otherwiſe "© 
: then is taught in the 12, 13, 

21 bo, 22 Chapters. 


Ee 

ei JF His is moſt eafily performed by Trigonometry ; for 

5 alchough you have no Quadrant, lines of Chords, 

+ or Other Inſtrument : Yet you may find the Suns Azi- 

muth, and hour of the day, ( onely by help of -a ſmall 
T able of Artificial Sines ) at allrimes of the day, and 

9 f in all places of the World, thus, viz. By knowing the 
-£ Latirude of the place , [ according to the 9 Chapter ] 

28 and the Sans Declination (according to the 17 Chapter } 

|| and the Suns Altitude, forenoon or afrernoon | which 

8 you are ranghr how to find by the eighth Chapter. } 

X Theſe things being known , Conſider, whither the 
Suns declination be Northwards or Southward,| which 
the 17 Chapter will ſhew you, ] if ir be Northwards. 

. Subſtratt the Suns declination from 90 degrees, and:the 
remainder will be the Suns diftance from the North- 

Pole 


ii go | Fradlical Geometry: 


Pole of the World. But if it be Southwards, adde the 
Suns declination to go degrees, and the Sum or Ag- 
gregate, will be his diſtance from the North-Pole of 
the World ; of both theſe, I ſhall ſhew you exawples, 
io their proper place. 

To finde the Suns Azimuth » Obſerye this Generall 
Rule, YUIZ « Take the Complement of your Latitude, the 
Complement of the Suns Altitude obſeryed, [| whither 
forenoon or afrernoon | and the diſtance of the Sun 
from the North-Pole of the World, and adde all thefe 
three [in degrees and minuts ] rqgether into one ſum: 
And from the half of that (um, ſubſtra& the Sung di. 
ſtance from the Pole; and (o note the remainder or dif- 
ference. Avdthen ſay , Af the Radim [or ſine of ] 90 
degrees, us to the Ca-ſone of the Suns Altitudez So is the 
Co-ſine of the Latitude, to a fourth fine, Then ing 
again, 

As that fourth fine, 1s to the fine of the half farm, 
So is the ſine of the difference, toa ſeventh ſine, The 
Half of which (che Radius being firſt Mentally added) 
ſhall be the fine of an arch; whoſe Complement being 
deubled, ſhall ſhew the number of degrees and minpts 
of the Suns Azimuth ( alwayes ) from the North part 
of the Meridian, towards the South. 

For better [Uluftratjon of the premiſſes, 7 ſhall here 
make application of the firſt Example ( in the 2x 

Chapter J to lee how the ſame will agree with Trj- 
gonomet?y. 

Example, When the Suns Declination is Southwards, 
which here we will ſuppoſe to be the firſt Example, 
mentioned i in the ſaids 21 Chapter, Page 54- where 
the Suns Declination 1s 31 deg. zo min, _ 

Wc 


TY , 4a NW, Se” IO 


I which 11 deg. 30 Min. added 1 ro 90 de 
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bs the ſum is the 
of the World, 


diſtance of the © from the North- Po 
viz. ION deg. 3? min, 

_ This being cleared , we ſhall apply our Operation 
to that firſt Example, mentioned page 54. Where the 
Latitude of the Place 1s ſuppoſed to be 56d, 00 Mil. 
and the Suns Altitude obſerved (” in the mohitg ) 17 
deg. 3o min. And the Suns Declination, Southward,1x 
deg,z0 min. Which added to $odeg.the ſum 10x dep. 
30 min. is the diftance of the Sun from the North-P 
of the World, - This diſtance of the Sun from the Pole, 
added, to the ' complements: of: the Latitude, C viRs 
34d. com.) and'the © Altitude ob. (viz. 72 deg. 
30 min. ) the ſum will be 208 d. com. whoſe half 
ſum js, 104 d. com; and the difference between the 
ſaids hajf ſum, and the diftance of the © from the 
Pole, 2 d. 30 m. This known, I ſay, | 

As the Radius 90 d.TIs to the Co-f Ine of the Latieuds 
56d, Sois the Co-fine of the @ Alritude obſ. 17 d, 30 
m. To a fourth fine, viz. 9,726981, Then fay, 2. As 
the ſine of 'the fourth arch; 9,726981. -Is to the fine of 
the half ſum, r04 d. Sois the fine of the differeiice,2 ds 
30m, Toa ſeyenth fine, which with the Radios added, 
is, 18,899602. The half of which, (viz. 9449801) is 
the ſine of 16 d.22 m. whoſe. com lemenc7; #:36-m. 
doubled, is 147 d; 16 m. for the ( Azimnthfrom the 
North. From which if you fubſtraR go d.' the remain- 
der, $7 d. 16 m, will be the © Azimuth from the Eaft 
towards the South, as was re wired; 

Laſtly, To finte the hour adm minut of the diy,add 
the Com lemetit of. the La tirade, and the Comple- 
menr of the$ Suns Altirude, fog er with the di gg 

<> 
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of the Sun from the North-Pole of the world. all three" 
into one ſum. And from half the ſum thereof, ſub-'. 
ſira& the complement of che Suns Alricude, .and (fo) 
note the difference. And then _ | 

I, As the Radius, is to the fine of the Suns diſtance 
from the Pole ; ſois {ho Co-fine of the. Latirude, tO a. 
fourth ſine... 

2. As that 4th fi ine, : is, to the fi ne of the half ſam; ſo is 
the fine of the difference, ro a 7thſine. Unto which. 
 adde the Radius, ( v!z. 10,000000. )- and the-half of 
the ſum, w1ll be the fine of an arch , whoſe comple. 
ment. doubled-: the degrees and minurs thereof (re, 
duced into time by allowing 15 deg. to an hour, &c. J 
will ſhew. the time of the day from the South part of 
| the Merjdian, viz. 12a clock. As for Example, | 

In the ſecond Example of the 22 Chapter, page 55. 
Fhe Latitude of the place. is ſuppsſel to be $6 deg. and 
, the © Alritude. obſerved in the afternoon, 33d. 15 m. 

And the © Declination Northwards, 20 d.12 m. . Hence 
according to the former rule, the time of the day, from 
the South, -will be found, 60d. 4 m. Thartis , (being 
reduc*d. into time _) 4.a clock in the afrernoon. But 
If it had heen i in the forenoon, it would have been 8 a 
clock in the morning. | 

* Here note, That in. finding the hour. of the day..or 


if the ©. Azimuth bythe Quadrant ,. mentjoned Chapter 


21 and 22, you muſt know , that that fide, of the Quae 


'* dranr, whereon the ſighrs i Is plac'd, repreſents alwayes 


the Meridjan, or 12 a clock hour line : That's to ſay, 
the- true South or North. And the other fide of the 
 Qyadrant * where the line of ſines is plac? d, repreſents 
' the points 'of Eaft and Weft - and alſo the ſix a clock 

| hour line, both for morning and eyening. | 
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CHAP. XXX 


How to Condud Water from any. Spring or 
Fountain, to any place, and to find the © 
difference of Levells. 


Ater is of ſuch a Nature (© though it bee a heavy 

body ) as that it may be cranſported from place 

to place, by means of Pipes, and brought oyer Monn- 

tains and Hills how high ſoever they bee: provided 

that-the Vent, or end of the Pipe, where the water maſt 

ifſue forth : be jnferiour and lower, then the Fountain 

or Spring from whetice it is derived; and the lower . 
it 1s, the more freely it will ran. And conſequently, ; 
the quicker the motion is, the more pure and whole- | 
ſome will the Water be. 

Now, ſeeing the whole Earth and Sea makes a per- 
fet Glob : - ir muſt Beeds follow then, that the motion 
of Water 15 not in a level right line 3 becauſe, if it 
were ſo (conſidering ir 15 a contingent or touch line) 
1t muſt needs be carried above the Circumference, and 
the farther iris extended, the farther ir ſhould be from 
tne Center. - Therefore 1t muſt deviate from a level 
right line, and moye another way ; and that we finde 
(in all it's courſes_) is ſtill downwards ( unleſle vio. 
lently forced contrary ro it's nature) keeping an unj- 
form and equidiftant morion from the Center, deſcrib.  - 
ing.(as it goes) an Arch or part of a Circle. Which | 
Circle or motion ( in regard of the greatneſſe of the 
Earth and Water) differs not ſenſibly from a leyel right 


line, 


__— 
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line, And yet in conveying Waters aty great diſtance, 


very cxpcricnce will bewray an error, It remains 
therefore to find out the exat difference between the 


right line leyel, and the Circular Water level. 
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Fo the following Figure, ſuppoſe B to be a Fountain 
or Spring, from whence it js required to carry the . 
Water thereof to the Fort W, the diſtance between 
them, we ſhall ſuppeſe ro be two Milles, that is 2000 
Geometrical paces, every pace being five foot, &c. and 
let A be your ftation, where your eye is level with the 
bottom of the Fountain B, where holding up your 
Quadrant to your eye, cauſe the threed and Plummer 
to-fall upon the fide-line of your Quadrant, I mean, 
at the beginning of the degrees upon the limb : and 
then looking through both the ſights rowards the Hill 
and Fort W, obſerve what part of the ſaids Hill you do 
&\py, which here we ſhall | ſuppoſe to bee F, under the 
'Well 


 Praflicat Geometry. 
Well L, then you may conclude, that the (aids point 
I, is exaQly level 1n a right line from the Fountain B» 
And ſuppoſe H to be the Warer level, that is xo. ſay, 
the higheſt Paine that any Wargr. will naturally gup at, 


being conveyed by Pipe from B. Then the life IA 


15 this difference of levels required, which you ſhall 
thus finde our. | ” 
Multiply the diſtance of che Fountain from the place 
where you would convey your Water, by it ſelf; and 
the produ& added ta the Square. of the Earths Semi- 
diamiter : And from the Sum,extraR the Square-rooy. 
And laſtly, from the aids root, ſubſtraF the Eapths 
Semidiamiter, the remainder will be the difference of 
Leyels required. : | | 
But, becauſe every man cannot extraQ Square-roots, 
you ſhall do it more plainly, thus, wiz. for eycry Tta- 
Han mile, (which is a 1000 Geometrical paces, 5very 
pace being five foot, &c. ) that your Fountain 15 di- 
ſtant from the place, where you would canyey your 
Water, you muſt allyw 60 inch, that js five foor, and 
for every half mile, allow 30 inches, &c. 
As for Example, the diſtance. B 7, bejng ſuppoſed 


>. 


two miles, Therefore, I allow ten foar for the diffey 


rence of Levels, and ſo much is the line 7 X, thats to 


lay, the Warer Level X, is under the ather Level at 1, 
ten foot. So that if it were required to know, how deep 
to fink a Well at L, in the Fort If, tq receive this Fopp- 
tain water fromB,you muſt firſt know the true Altitude 
of the ground, plate of the Fort, above the Level 7, 
which you are ſufficiently ravght ro find, withque In- 
ſtrumenr, by the x4 Chapter, and. by your Quadrant, 
accarding to the 24, or 25 Chapters, I ſay, ' having 


found 


 \ 


o 


- 
| 
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found the foreſaids heighth, add nanto it the foreſaids 
difference of Levels, and the Sum of theſe two, will 
ſhew the profundiry L H, that 1s to ay, ſo many foor 
deep It were requiſite to fink a Well in the Fort atL, 


before ir could be capable to receive Water from the | 


Fountain B. As was required, 
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CHAP. XXXLI 


How to make water in a Heupgh or Pit continuadl;y 
to aſcend (by means of a Ciftern only) with- 
eut ſtrength or the help of Buckets 
or Pumps. 


PHis Concluſion is moſt manifeſt upon ſuch Henghs 
or Pits, which are ſcitnate upon Hill-fides, where 
there js a great down-with upon ſome ſide thereof, that 


as the Water abates in the Pit : For that end. of the 


infertour to the Water in the Pit : ſo that a while be- 
fore the ſaids Water in the Pit, become Level with the 
vent of the Pipe, you muſt have ſeveral Pipes in rea- 
dineſſe , that you may joyn one to the end of the faids 
vent, and ſo often as neceſſity ſhall require it, and by 
this means the Pir will never leaye running. 


Wherefore, Suppoſe I K, be the Heugh or Pir, out 


of which it is required to cauſe water continually to 
aſcend, Todo which, Let there be made a Receiver 
or Ciſternas A, which may contain four or five Gal- 
lons, ( more or leſſe, accor ding co the greatneſſle or 


. thereby there may be an addition of Pipes , according 


Pipe where the Water iſſues forth, mult alwayes be | 


ſmal- | 


| 
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ſmalneffe of your Pipe; ) this Ciſtern would be made 
yery cloſe that no Air may enter 1t - unto jt you muſt 


faſten your Pipe L, ſo long as 1t may reach, and be 


below the Superficies of the water in the Pit, as at H, 

which end H, is to reſt on ſome Jron Grate, and the 
end thereof firongly ſtopped with Cork, that no water 
come into it, and ſomade that , you may draw it 
forth at pleaſure, This done, let thire be made anos 
ther Ciſtern as B, which may be: communicative to A; 

by help of the Pipe E, From this Ciſtern B, muſt 
come another Pipe as F M,which muſt deſcend (to M) 
below the Level of the water in the Pit, as much as 1s 
M ) to the endof this Pipe at M, thruſt in a ſtrong 
Cork, that may let no water out till you defire. This 
done, to make uſe of ir, fill the Ciſterns A and, B, full of 
water, and cloſe it carefully again that no air.get.it. 


» 
X$ ITE 


"Then when you would have it run, pull out the 
, Cock firſtat M, then while the water at 'B deſcends to 

M, pull out the other Cock at H, & for fe arthere ſhoulk 
be 


* 
Liana, bo. - CI" OO 


"iy | Briffiicat Gbtherny.. 


be vachity it the Ciftern B : Narute _ abHors b 
Ne will ſupply thar emprineſſe immediatly our of the, 
rh A. And laſt there ſhould be ahby etnprineſſe 
nn A; it will quickly be furniſhed out of the Hewiph or | 
Pit H- 2 thus ir will run contitirally higher and day. and 4 
never ceAſe,” if the fpring of the water be greater ther 7 
te Pipe. But if rhe Fipe be greater - theh the ſaid$"7 
fprihg, the water will run no longer; chettir becomes ? 
Level within the Pit, uhto the vehr withour : and fot -- 
[xt tauſe, you (ttiving your Pipes ih readinecſſe) tnay * 
& after Php eto the cha of the ſaids vert; atid theri | 
ae Water Wl ror thi, cl i core rd char Leve! of the : - 
vettt; then you may add 4nother as From 'M'ro N,ghc. But 
Aſs mui{' Ve dvat AMWwiyes, before rhe water in the Pit 
| Becbihie Level With the hear: This If Ybu carefully ob- | 
- ſet "the PreMiffes', you will fee that the water "wilt 
continua{] y aſcend , and then deſcend another way; 
Lig tho F. be Fgrea conſequence'ts all that #xc con- 


eSrecneby, * Þ 
| firmed either G Ga- q- 


= Hines of Chords, Zend! þ arts, po Nuadr ans, ang they 
M5 2hifudre for HBam of 1h brat F6uſe Ut the ook of | 
BROM Weng fi EM _ 
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The Stationers to the Reader. 


Onſidering the ſingular Uſe and Importance, 
which this Book of PraGical Geometry (pub- 
liſhed by Mr. Cor/s Mathematician ) doth bring 
to moſt Trades and Fundtions , either 1n time 
of Peace or War; we have therefore Printed 
the lame, And becauſe the Expence of cutting 
the Figures is conſiderable, as alſo the ſmall 
number of the Impreſſion. Therefore it hath 
 occafioned the Price thereof, to riſe above the 
ordinary Rates of other Books, formerly Printed 
by Us. i 


—_— 


T7” Food SE on 
PII Ons od ; . 4 wg 


— — 


ERRAT A. 


Page 52, line 25, for 34 min, read 3s min. and 1; 32,r. 
36 min. p. 53,1. 9, r. 52 deg. 6 min. pe. 54, 1.9, Fr. 57 deg. 
16 min. 1. 13, r. 38 deg, 8 min, 1. 14, r. 60 deg. 1o min. 
 P.55,1.15,f. 10 deg. $2 min. 1.23, r. 15 deg. 37 min. 
| P-70,1.8,r. LA. 1l.1o,r: H&A, p. 71, 1. 21,1- Al. 
| 1, 22, forAF,r, IL. 1.23, for F K, r.L A. 1. 26, for 
| AJ, r. HI, afterwards in the ſame line, for AE,r.IL. 1, j* 
27, for FI, r.LI. p. 74,1. 5, for H, r. L. 1. 6, forlL, r, 15 
A. 1.7,for H, r. L. 1.13, for HL, r- AL. 1.16, for L, 
I F. A; 1. 20, forH, re &. 1.22, for LI, r. AT, L 24, for. 
| HJ, r.LI. 1.25, forH,r. L. 1. 26, for LI, r. AI. I. 29, }-: 
forHL.r-A L., 1.33, for HI, r. LI. p.75, l. 3, for H, {| 7 
r.L. 1. 4, for—ofthe r. of this. p. 78, 1. 18, for AH, 4 
I. AT. 1.20, forAtoH, r.Atol. I. 23, for H, r.I. I. 24 | 
for I L,r.HE. 1.26, forT to L, r, HtoE. p. 79,1. 2, for }3 
and L, r. TJ andE. 1, 3,forHLB, r.TIEB. I. s, fora H, | 
C. A F. I. & v for H B, Dr. I B. | 11,forH, r.1. Pp. 80, L 16, - 
for, r. H. 1.27, forT, r. H. p- 82,1.9, for 1. 698070, 
Is 1,6989700 le. 12, for 11, 691970, Is 11, 698970, 


